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(57) Abstract 

The present invention concerns 
the epothilone, especially epothilone 
C (R - hydrogen) and epothilone D 
(R « methyl) of formula (I), as well 
as epothilone E (R = hydrogen) and 
epothilone F (R « methyl) of formula 
(II), the production process and their 
application for producing therapeutic 
agents, including cytostatic agents, as 
well as phytosanitary agents. 

(57) Zusammenfassung 

Die vorliegende Erfindung 
betrifft Epothilone, insbesondere 
Epothilon C (R - Wasserstoff) 
und Epothilon D (R - Methyl) der 
Formel (I) sowie Epothilon E (R 

- Wasserstoff) und Epothilon F (R 

- Methyl) der Formel (II), deren 
Herstellung, sowie deren Verwendung 
zur Herstellung von therapeutischen, 
insbesondere cytostatischen Mitteln 
sowie Mitteln fur den Pflanzenschutz. 
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EPOTHILONE C, D, E UND F, DEREN HERSTELLUNG UND DEREN VERWENDUNG ALS CYTOSTATISCHE 
MITTEL BZW. ALS PFLANZENSCHUTZMITTEL 

Die vorliegende Erfindung betrifft Epothilone C, D, E und F, 
deren Herstellung sowie deren Verwendung zur Herstellung von 
therapeutischen Mitteln und Mitteln fur den Pf lanzenschutz . 

Epothilone C und D 

GemaS einer Ausf iihrungsf orm betrifft die Erfindung Epothilone [C 
und D] , die dadurch gewinnbar sind, daS man 

(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert, 

(b) das Adsorberharz von der Kultur abtrennt und mit einem 
Wasser/Methanol-Gemisch wascht, 

(c) das gewaschene Adsorberharz mit Methanol eluiert und das 
Eluat zu, einem Rohextrakt einengt, 
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(d) das gewonnene Konzentrat mit Ethylacetat extrahiert, den 
Extrakt einengt und zwischen Methanol und Hexan verteilt, 

(e) die methanolische Phase zu einem Raffinat einengt und das 
Konzentrat an einer Sephadex-Saule f raktioniert , 

(f ) eine' Fraktion mit Stof fwechselprodukten des eingesetzten 
Mikroorganismus gewinnt, 

(g) die gewonnene Fraktion an einer C18-Umkehrphase mir einem 
Methanol/Wasser-Gemisch chromatographiert und in zeitlicher 
Reihenf olge 

- nach einer ersten Fraktion mit Epothilon A und 

- einer zweiten Fraktion mit Epothion B 

- eine dritte Fraktion mit einem ersten weiteren Epothilon und 

- eine vierte Fraktion mit einem zweiten weiteren Epothilon ge- 
winnt und 

(hi) und das Epothilon der ersten weiteren Fraktion und/oder 
(h2) das Epothilon der zweiten weiteren Fraktion isoliert. 

Ferner betrifft die Erfindung ein Epothilon [C] der Summenformel 
C 26 H 3 9 N0 5 S ' gekennzeichnet durch das -^H- und 13 C-NMR-Spektrum 
gemaB Tabelle 1. 

Ferner betrifft die Erfindung Epothilon C der Formel : 



R 




O 



OH 



Epothilon C 



R = H 
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Ferner betrifft die Erfindung Epothilon [D] der Summenf ormel 
C 27 H 41 N0 5 S ' gekennzeichnet durch das 1 H- und 13 C-NMR-Spektrum 
gemaS Tabelle 1. 

Ferner betrifft die Erfindung Epothilon D der Forme 1 : 




Epothilon D R = CH 3 



Epothilone C und D konnen zur Herstellung der Verbindungen der 
folgenden Formel 1 verwendet werden, wobei zu deren Der i vat i- 
sierung auf die in WO-A.-97/1.9 086 beschriebenen Derivatisie- 
rungsmethoden verwiesen werden kann. 




In der vorstehenden Formel 1 bedeuten: 



R « H, Ci^rAlkyl; 

R 1 , R 2 , R 3 , R 4 , R 5 = H, Ci-6-Alkyl, 
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C^g-Acyl-Benzoyl , 
Ci-4-Trialkylsilyl , 
Benzyl, 
Phenyl , 
Cx-g-Alkoxy-, 

Cg-Alkyl-, Hydroxy- und Halogen- 
substituiertes Benzyl bzw. Phenyl; 
wobei auch zwei der Reste R 1 bis R 5 zu der Gruppierung -(CH 2 ) n - 
mit n = 1 bis 6 zusammentreten konnen und es sich bei den in den 
Resten enthaltenen Alkyl- bzw. Acylgruppen um gradkettige oder 
verzweigte Reste handelt; 

Y und Z sind entweder gleich oder verschieden und stehen jeweils 
fur Wasserstoff, Halogen, wie F, Cl , Br oder J, Pseudohalogen, 
wie -NCO, -NCS oder -N 3 , OH, 0- (C X _ G > -Acyl , 0- (C^g) -Alkyl , 0- 
Benzoyl. Y und Z konnen auch das O-Atom eines Epoxides sein, wo- 
bei Epothilon A und B nicht beansprucht werden, oder eine der C- 
C-Bindungen einer C=C-Doppelbindung bilden. 

So kann man die 12 , 13-Doppelbindung selektiv 

- hydrieren, beispielsweise katalytisch oder mit Diimin, wobei 
man eine Verbindung der Formel 1 mit Y = Z = H erhalt; oder 

- epoxidieren, beispielsweise mit Dimethyldioxiran oder einer 
Persaure, wobei man eine Verbindung der Formel 1 mit Y mit Z = - 
0- erhalt; oder 

- in die Dihalogenide, Dipseudohalogenide oder Diazide umwan- 
deln, wobei man eine Verbindung der Formel 1 mit Y und Z = Hal, 
Pseudo-hal oder N 3 erhalt. 

Epothilone E und F 

GemaS einer weiteren Ausf uhrungsf orm betrifft die Erfindung 
einen Biotransf ormant von Epothilon A, der dadurch gewinnbar 
ist, dafi man 
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(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert , vom Adsorber- 
harz abtrennt und gegebenenf alls die Gesamtmenge oder einen 
Teil der abgetrennten Kultur mit einer methanolischen Losung 
von Epothilon A versetzt, 

(b) die mit Epothilon A versetzte Kultur inkubiert und danach 
mit Adsorberharz versetzt, 

(c) das Adsorberharz von der Kultur abtrennt, mit Methanol elu- 
iert und das Eluat zu einem Rohextrakt einengt, 

(d) den Rohextrakt zwischen Ethylacetat und Wasser verteilt, die 
Ethylacetat-Phase abtrennt und zu einem 6l einengt,- 

(e) das 01 an einer Umkehrphase unter folgenden Bedingungen 
chromatographiert : 

Saulenmaterial : Nucleosil 100 C-18 7 jim 
SaulenmaSe: 2 50 x 16 mm 

Laufmittel: Methanol/Wasser = 60 : 40 

Flufi: 10 ml/min 

und Fraktionen mit einem Gehalt an Biotransf ormant , die sich 
durch UV-L6schung bei 2 54 nm detektieren lassen, mit einem R^- 
Wert von 20 min abtrennt und den Biotransf ormanten isoliert. 

Ferner betrifft die Erfindung einen derartigen Biotransf ormant 
von Epothilon A, der dadurch gewinnbar ist, dafi man bei Stufe 

(a) eine Kultur abtrennt, die drei oder vier oder mehr Tage alt 
ist. 

Ferner betrifft die Erfindung einen derartigen Biotransf ormant 
von Epothilon A, der dadurch gewinnbar ist, da£ man bei Stufe 

(b) ein oder zwei oder mehr Tage inkubiert . 
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Ferner betrifft die Erfindung eine Verbindung der Summenf ormel 
C 26 H 39 N0 7 S ' gekennzeichnet durch folgendes 1 H-NMR-Spektrum (300 
MHz, CDC1 3 ) : delta = 2.38 (2-H a ) , 2.51 (2-H b ) , 4.17 (3-H) , 3.19 
(6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , H-H 2 ) , 2.89 
(12-H), 3.00 (13-H), 1.88 (14-H a ) , 2.07 (14-H b ), 5.40 (15-H) , 
6.57 (17-H), 7.08 (19-H) , 4.85 (21-H 2 ), 1.05 (22-H 3 ), 1.32 (23- 
H 3 ), 1.17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ) 

Ferner betrifft die Erfindung eine Verbindung (Epothilon E) der 
Forme 1 : 



HOCH 




Epothilon E R = H 

GemaS einer weiteren Ausfuhrungsf orm betrifft die Erfindung 
einen Biotransf ormant von Epothilon B, der dadurch gewinnbar 
ist, daS man 

(a) Sorangimn cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert, vom Adsorber- 
harz abtrennt und gegebenenf alls die Gesamtmenge oder einen 
Teil der abgetrennten Kultur mit einer methanolischen Losung 
von Epothilon B versetzt, 
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(b) die mit Epothilon B versetzte Kultur inkubiert und danach 
mit Adsorberharz versetzt, 

(c) das Adsorberharz von der Kultur abtrennt, mit Methanol elu- 
iert und das Eluat zu einem Rohextrakt einengt, 

(d) den Rohextrakt zwischen Ethylacetat und Wasser verteilt, die 
Ethylacetat- Phase abtrennt und zu einem 01 einengt, 

(e) das 01 an einer Umkehrphase unter folgenden Bedingungen 
chromatographiert : 

Saulenmaterial : Nucleosil 100 C-18 7 /xm 
Saulenmafie : 250 x 16 mm 

Laufmittel : Methanol/Wasser = 60 : 40 

FluS: 10 ml/min 

und Fraktionen mit einem Gehalt an Biotransf ormant , die sich 
durch UV-L6schung bei 254 nm detektieren lassen, mit einem Rf 
Wert von 24,5 min abtrennt und den Biotransf ormanten isoliert. 

Ferner betrifft die Erfindung einen derartigen Biotransf ormant 
von Epothilon B, der dadurch gewinnbar ist, da£ man bei Stufe 

(a) eine Kultur abtrennt, die drei oder vier oder mehr Tage alt 
ist . 

Ferner betrifft die Erfindung einen derartigen Biotransf ormant 
von Epothilon B, der dadurch gewinnbar ist, daS man bei Stufe 

(b) ein oder zwei oder mehr Tage inkubiert. 

Ferner betrifft die Erfindung eine Verbindung der Summenformel 
C 27 H 41 N0 7 S ' gekennzeichnet durch folgendes ^-H-NMR-Spektrum (300 
MH Z , CDC1 3 ) : delta = 2.37 (2-H a ) , 2.52 (2-H b ) , 4.20 (3-H) , 3.27 
(6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 11-H 2 ) , 2.78 
(13-H), 1.91 (14-H), 2.06 (14-H b ), 5.42 (15-H) , 6.58 (17-H) , 
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7.10 (19-H) , 4.89 (21-H 2 ), 1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24- 
H 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ), 2.06 (27-H 3 ). 

Ferner betrifft die Erfindung eine Verbindung (Epothilon F) der 
Forme 1 : 




Epothilon F R = CH 3 
Herstellung und Mittel 

Die erf indungsgemaSen Verbindungen bzw. Epothilone sind mit den 
vorstehend angefiihrten Mafinahmen gewinnbar. 

Die Erfindung betrifft ferner Mittel fur den Pf lanzenschutz in 
Landwirtschaf t , Forstwirtschaf t und/oder Gartenbau, bestehend 
aus einem oder mehreren der vorstehend aufgefiihrten Epothilone 
C, D, E und F bzw. bestehend aus einem oder mehreren der vorste- 
hend aufgefuhrten Epothilone neben einem oder mehreren iiblichen 
Trager(n) und/oder Verdunnungsmittel (n) . 

SchlieSlich betrifft die Erfindung therapeutische Mittel, beste- 
hend aus einer oder mehreren der vorstehend aufgefuhrten Verbin- 
dungen oder einer oder mehreren der vorstehend aufgefuhrten Ver- 
bindungen neben einem oder mehreren iiblichen Trager(n) und/oder 
Verdunnungsmittel (n) . Diese Mittel konnen insbesondere cytotoxi- 
sche Aktivitaten zeigen und/oder Immunsuppression bewirken 
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und/oder zur Bekampfung maligner Tumore eingesetzt werden, wobei 
sie besonders bevorzugt als Cytostatika verwendbar sind. 

Die Erfindung wird im folgenden durch die Beschreibung von eini- 
gen ausgewahlten Ausf uhrungsbeispielen naher erlautert und be- 
schrieben. 



Beispiele 

Beispiel 1: 
Epothilone C und D 

A. Produktionsstamm und Kul turbedingungen entsprechend dem Epo- 
thilon Basispatent DE-B-41 38 042. 

B. Produktion mit DSM 6773 

75 1 Kultur werden wie im Basispatent beschrieben angezogen und 
zum Animpfen eines Produktionsf ermenters mit 700 1 
Produktionsmedium aus 0.8 % Starke, 0.2 % Glukose, 0.2 % Soya- 
mehl, 0.2 % Hef eextrakt , 0.1 % CaCl 2 x 2H 2 0, 0.1 % MgS0 4 x 7H 2 0, 
8 mg/1 Fe-EDTA, pH - 7 . 4 und optional 15 1 Adsorberharz Amber- 
lite XAD-16 verwendet. Die Fermentation dauert 7-10 Tage bei 
30 C, Beliiftung mit 0.1 NL/m 3 . Durch Regulierung der Drehzahl 
wird der p0 2 bei 30 % gehalten. 

C. Isolierung 

Das Adsorberharz wird mit einem 0.7 m 2 , 100 mesh ProzeSfilter 
von der Kultur abgetrennt und durch Waschen mit 3 Bettvolumen 
Wasser /Methanol 2:1 von polaren Begleitstof f en befreit. Durch 
Elution .rnit. 4 Bettvolumen Methanol wird ein Rohextrakt gewonnen, 
der i. Vak. bis zum Auftreten der Wasserphase eingedampft wird. 
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Diese wird dreimal mit dem gleichen Volumen Ethylacetat extra- 
hiert . Eindampfen der organischen Phase ergibt 240 g Rohextrakt , 
der zwischen Methanol und Heptan verteilt wird, urn lipophile Be- 
gleitstoffe abzutrennen. Aus der Methanolphase werden durch Ein- 
dampfen i. Vak. 180 g Raffinat gewonnen, das in drei Portionen 
uber Sephadex LH-20 (Saule 20 x 100 cm, 20 ml/min Methanol) 
fraktioniert wird. Die Epothilone sind in der mit 240 - 300 min 
Retentionszeit eluierten Fraktion von insgesamt 72 g enthalten. 
Zur Trennung der Epothilone wird in drei Portionen an Lichrosorb 
RP-18 (15 M m / Saule 10 x 40 cm, Laufmittel 180 ml/min Metha- 
nol/Wasser 65:35) chromatographies . Nach Epothilon A und B wer- 
den mit R t = 90-95 min Epothilon C und 100-110 min Epothilon D 
eluiert und nach Eindampfen i. Vak. in einer Ausbeute von je- 
weils 0.3 g als farblose Ole gewonnen. 

D • Physikalische Eigenschaf ten 




Epothilon C R = H 
Epothilon D R = CH 3 

Epothilon C 

C 2 6 H 39 N0 5S [477] 

ESI -MS: (positiv Ionen) : 478.5 fur [M+H] + 
1H und 13C siehe NMR-Tabelle 
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DC : Rf = 0,82 

DC-Alufolie 60 F 254 Merck, Lauf mittel : Dichlormethan/Methanol = 

9:1 

Detektion: UV-Ldschung bei 254 nm. Anspriihen mit Vanillin-Schwe- 
f elsaure-Reagenz, blau-graue Anfarbung beira Erhitzen 
auf 120 °C. 

HPLC:R t = 11,5 min 

Saule: Nucleosil 100 C-18 7/xm, 125 x 4 mm 
Lauf mittel: Methanol/Wasser = 65:35 
FluE: 1ml /min 
Detection: Diodenarray 

Epothilon D 

C 27 H 41 N0 5 S f 491 l 

ESI-MS: (positiv Ionen) : 492,5 fur [M+H] + 
1H und 13C siehe NMR-Tabelle 
DC:Rf = 0, 82 

DC-Alufolie 60 F 254 Merck, Laufmittel : Dichlormethan/Methanol = 

9:1 

Detektion: UV-L6schung bei 254 nm. Anspriihen mit Vanillin-Schwe- 
f elsaure-Reagenz, blau-graue Anfarbung beim Erhitzen 
auf 120 °C. 

HPLC:R t =15,3 min 

Saule: Nucleosil 100 C-18 Ifim, 125 x 4 mm 
Laufmittel: Methanol/Wasser = 65:35 
FluJS: 1ml /min 
Detection : Diodenarray 
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Tabelle 1: H- und XJ C-NMR Daten von Epothilon C und Epothilon D 
in [Dg] DMSO bei 300 MHz 





Epothilon 


C 








Epochilon D 






5 


c- 


Atom 


6 


6 


OAtcm 






(ppm) 

* ST XT ' 






(ppm) 


(ppm) 




(ppm) 








1 


170.3 




l 


170.1 


2-Ha 


2.38 




2 


38.4 


2 .35 


2 


39.0 


2-Hb 


2 .50 




3 


' 71.2 


2.38 


3 


70.8 


3-H 


3 .97 




4 


53.1 


4 . 10 


4 


53.2 


3 - OH 


5.12 




5 


217. 1 


5 . 08 


5 


217.4 


6-H 


3 .07 




6 


45.4 


3.11 


6 


44.4 


7~H 


3.49 




7 


75. 9 


3 .48 


7 


75.5 


7-OH 


4.46 




8 


35.4 


4 .46 


8 


36.3 


8-H 


1.34 




9 


27.6 


1 .29 


9 


29.9 


9 -Ha 


1.15 




10 


30.0 


1 . 14 


10 


25.9 


9-Hb 


1 .40 




11 


27.6 


1.38 


11 


31.8* 


10 -Ha 


1.15* 




12 


124.6 


1 . 14* 


12 


138.3 


10-Hb 


1.35* 




13 


133.1 


1.35* 


13 


120.3 


11-Ha 


1.90 




14 


31.1 


1.75 


14 


31.6* 


11-Hb 


2.18 




15 


76 .3 


2 . 10 


15 


76.6 


12-H 


5.38** 




16 


137.3 




16 


137.2 


13-H 


5 .44** 




17 


119 . 1 


5 . 08 


17 


119.2 


14 -Ha 


2 .35 




18 


152.1 


2 .30 


18 


152.1 


14-Hb 


2.70 




19 


117.7 


2 . 65 


19 


117.7 


15-H 


5.27 




20 


164.2 


5.29 


20 


164.3 


17 -H 


6.50 




21 


18.8 


6.51 


21 


18.9 


19-H 


7.35 




22 


20.8 


7.35 


22 


19.7 


21-Hj 


2.65 




23 


22.6 


2 . 65 


23 


22.5 


22-H 3 


0.94 




24 


16.7 


0.90 


24 


16.4 


23-H ? 


1.21 




25 


18.4 


1.19 


25 


18.4 


24-H 3 


1.06 




27 


14.2 


1.07 


26 


22.9 


25-H* 


0.90 








0.91 


27 


14.1 


26-H, 










1.63 






27-H, 


2.10 








2.11 







*, ** Zuordnung vertauachbar 
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Beispiel 2: 

Epothilon A und 12 , 13 -Bisepi-epothilon A aus Epothilon C 

50 mg Epothilon A werden in 1.5 ml Aceton gelost und mit 1 . 5 ml 
einer 0.07 molaren Losung von Dimethyldioxiran in Aceton ver- 
setzt. Nach 6 Stunden Stehen bei Raumtemperatur wird i. Vak. 
eingedampft und durch praparative HPLC an Kieselgel (Laufmittel : 
Methyl-tert .butylether/Petrolether/Methanol 33 : 66 : 1) getrennt . 

Ausbeute : 

25 mg Epothilon A, R t = 3,5 min (analyt. HPLC, 7 /im, Saule 4 x 

250 mm, Laufmittel s. o., FluS 1.5 ml/min) 

und 

20 mg 12, 13 -Bisepi-epothilon A, R t = 3 . 7 min, ESI-MS (pos. 
Ionen) 

m/z = 494 [M+H] + 

1 H-NNR in {D4] Methanol, ausge- 

wahlte Signale: delta = 4.32 

(3-H), 3.79 (7-H), 3.06 (12-H), 
3.16 (13-K), 5.54 (15-H) , 6.69 

(17-H) , 1.20 (22-H), 1.45 (23-H). 



R 




0 OH O 



12, 13 -Bisepi-epothilon A R = H 
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Beispiel 3 : 

Epothilon E und F, neue Biotransf ormationsprodukte der Epothi- 
lone A und B. 

Pr oduktions s t amm : 

Der Produktionsstamm Sorangixm cellulosum So ce90 wurde im Juli 
1985 an der GBF aus einer Bodenprobe von den Ufern des Zambesi 
isoliert und am 28.10.91 bei der Deutschen Sammlung fur Mikro- 
organismen unter Nr. DSM 6773 hinterlegt . 

Die Charakterisierung des Produzenten sowie die Kulturbedingun- 
gen sind beschrieben in: 

Hdfle, G.; N. Bedorf, K. Gerth & H. Reichenbach: Epothilone, 
deren Herstellungsverf ahren sowie sie enthaltende Mittel. 
DE 41 38 042 Al , offengelegt am 27. Mai 1993. 

Bildung der Epothilone E und E wahrend der Fermentation: 

Eine typische Fermentation verlauft f olgendermafien : Ein 100 1 
Bioreaktor wird mit 60 1 Medium (0,8 % Starke; 0,2 % Glucose; 
0,2 % Soyamehl; 0,2 % Hefeextrakt; 0,1 % CaCl 2 x 2H 2 0; 0,1 % 
MgS0 4 x 7H 2 0; 8 mg/1 Fe-EDTA; pH 7,4) gefullt. Zusatzlich werden 
2 % Adsorberharz (XAD-16, Rohm & Haas) zugegeben. Das Medium 
wird durch Autoklavieren (2 Std., 120 °C) sterilisiert . Beimpft 
wird mit 10 1 einer im gleichen Medium (zusatzlich 50 mM HEPES- 
Puffer pH 7,4) im Schuttelkolben angezogenen Vorkultur (160 Upm, 
30 °C) . Fermentiert wird bei 32 °C mit einer Ruhrergeschwindig- 
keit von 500 Upm und einer Beluftung von 0,2 Nl pro m 3 und Std, 
der pH Wert wird durch Zugabe von KOH bei 7,4 gehalten. Die Fer- 
mentation dauert 7 bis 10 Tage. Die gebildeten Epothilone werden 
wahrend der Fermentation kontinuierlich an das Adsorberharz ge- 
bunden. Nach Abtrennen der Kulturbruhe (z. B. durch Absieben in 
einem Prozefif ilter) wird das Harz mit 3 Bettvolumen Wasser gewa- 
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schen und mit 4 Bettvolumen Methanol eluiert. Das Eluat wird zur 
Trockne eingeengt und in 700 ml Methanol auf genommen . 

HPLC -Analyse' des XAD-Eluates: 

Gegenuber dem Ausgangsvolumen des Reaktors (70 1) ist das Eluat 
100:1 konzentriert . Die Analyse wird durchgefuhrt mit einer HPLC 
Anlage 1090 der Fa. Hewlett Packard. Zur Trennung der Inhalt- 
stoffe wird eine Microbore Saule (125/2 Nucleosil 120-5 C^q) der 
Fa. Machery-Nagel (Duren) verwendet. Eluiert wird mit einem Gra- 
dienten aus Wasser/Acetonitril von anfanglich 75:25 bis zu 50:50 
nach 5,5 Minuten. Dieses Verhaltnis wird bis zur 7. Minute ge- 
halten, urn dann bis zur 10. Minute auf 100 % Acetonitril anzu- 
steigen. 

Gemessen wird bei einer Wellenlange von 250 nm und einer Band- 
breite von 4 nm. Die Dioden Array Spektren werden im Wellenlan- 
genbereich von 200 bis 400 nm gemessen. Im XAD-Eluat fallen zwei 
neue Substanzen mit R t 5,29 und R t 5,91 auf, deren Adsorptions- 
spektren mit denen von Epothilonen A bzw. B identisch sind (Abb. 
1; E entspricht A, F entspricht B) . Diese Substanzen werden 
unter den gegebenen Ferment at ionsbedingungen nur in Spuren 
gebildet . 

Biotransformation von Epothilon A und B zu Epothilon E und F: 

Fur die gezielte Biotransformation wird eine 4 Tage alte, mit 
Adsorberharz gehaltene 500 ml Kultur von So ce90 verwendet. Von 
dieser werden 250 ml unter Zurucklassen des XAD in einen steri- 
len 1 1 Erlenmeyerkolben uberfuhrt. Danach wird eine methanoli- 
sche Losung einer Mischung von insgesamt 3 6 mg Epothilon A und 
14 mg Epothilon B zugegeben und der Kolben fur zwei Tage bei 30 
°C und 200 Upm auf einer Schiitteltruhe inkubiert. Die Bildung 
der Epothilone E und F wird direkt aus 10 /xl des zentrifugierten 
Kulturiiberstands analysiert (Abb. 2) . Die Umwandlung erfolgt nur 



I 
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in Gegenwart der Zellen und ist abhangig von der eingesetzten 
Zelldichte und der Zeit. Eine Kinetik der Umwandlung ist fur 
Epothilon A in Abb. 3 dargestellt . 

Isolierung von Epothilon E und F 

Zur Isolierung von Epothilon E und F werden drei Schuttelkolben- 
ansatze aus der Biotransformation (s. o.) vereinigt und 1 h mit 
20 ml XAD-16 geschiittelt. Das XAD wird durch Absieben gewonnen 
und mit 200 ml Methanol eluiert. Das Eluat wird i. Vak. zu 1.7 g 
Rohextrakt eingedampft. Dieser wird zwischen 30 ml Ethylacetat 
und 100 ml Wasser verteilt. Aus der Ethylacetatphase werden beim 
Eindampfen i. Vak. 330 mg eines oligen Riickstandes erhalten, die 
in funf Laufen liber eine 250 x 20 mm RP-18 Saule chromatogra- 
phiert werden (Lauf mittel : Methanol/Wasser 58:42, Detektion 254 
nm) . 

Ausbeute: Epothilon E 50 mg 

F 10 mg 

Biologische Wirkung von Epothilon E: 

In Zellkulturen wurde die Konzentration bestimmt, welche das 
Wachstum urn 50 % reduziert (IC 50 ) und mit den Werten fur Epothi- 
lon A verglichen. 

Zellinie IC 50 (ng/ml) 



Epothilon E 

5 
20 



Epothilon A 



HeLa. KB -3.1 (human) 
Maus f ibr obi asten, L9 2 9 



1 
4 
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Epothilon E 

C26H39HO7S [509] 

ESI-MS: (positiv Ionen) : 510.3 fur [M+H] + 
DC: Rf = 0,58 

DC-Alufolie 60 F 254 Merck. Lauf mittel : Dichlormethan/Methanol 
9:1 

Detektion: UV-L6schung bei 254 nm. Anspruhen mit Vanillin- 
Schwef elsaure-Reagenz, blau-graue Anfarbung beim 
Erhitzen auf 120 °C 

HPLC: R t = 5,0 min 

Saule: Nucleosil 100 C-18 7jxm, 250 x 4 mm 
Lauf mittel: Methanol/Wasser = 60:40- ■ 
FluS: 1,2 ml /min 
Detektion: Diodenarray 

1 H-NMR (300 MHz , CDCl 3 i: delta = 2.38 (2-H a ), 2.51 (2-Hfc) , 4.17 
(3-H), 3.19 (6-H), 3.74 (7-H) , 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 
11-H 2 ), 2.89 (12-H), 3.00 (13-H), 1.88 (14-H a ) , 2.07 (14-H b ) , 
5.40 (15-H), 6.57 (17-H), 7.08 (19-H) , 4.85 (21-H 2 ) , 1-05 (22- 
H 3 ), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ) 

Epothilon F 

C 27 H 41 N0 7 S [523] 

ESI-MS: (positiv Ionen): 524.5 fur [M+H] + 
DC: Rf = 0,58 

DC-Alufolie 60 F 254 Merck. Lauf mittel: Dichlormethan/Methanol 
9:1 

Detektion: UV-L6schung bei 254 nm. Anspruhen mit Vanillin- 
-Schwef elsaure-Reagenz, blau-graue Anfarbung beim 
Erhitzen auf 120 °C. 
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HPLC: R t = 5,4 min 

Saule: Nucleosil 100 C-18 Ipm, 250 x 4 mm 
Laufmittel: Methanol/Wasser « 60:40 
FluS: 1,2 ml /min 
De t ekt ion : Diodenarray 

1 H-NMR (300 MH 2 , CDCl 3 ): delta = 2.37 (2-H a ) , 2.52 (2-H b ) , 4.20 
(3-H), 3.27 (6-H), 3.74 (7-H) , 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 
11-H 2 ), 2.78 (13-H), 1.91 (14-H) , 2.06 (14-H b ), 5.42 (15-H), 
6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ) , 1.05 (22-H 3 ) , 1.26 (23- 
H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ), 2.06 (27-H 3 ). 

Beispiel 4: 

Herstellung von Epothilon E und F durch Biotransformation mit 
Sorangium cellulosum So ce90 

1) Durchfiihrung der Biotransformation: 

Fur die Biotransformation wird eine Kultur von Sorangium cellu- 
losum So ce90 verwendet, die fiir vier Tage in Gegenwart von 2 % 
XAD 16 Adsorberharz (Fa. Rohm und Haas, Frankf urt/M. ) bei 30 °C 
und 16 0 Upm geschuttelt wurde . Das Kulturmedium hat folgende 
Zusammensetzung in g/Liter destilliertem Wasser: Kartof f elstarke 
(Maizena) , 8; Glucose (Maizena), 8; entfettetes Sojamehl, 2; 
Hefeextrakt (Marcor) , 2; Ethylendiamintetraessigsaure, Eisen 
(III) Natrium Salz, 0,008; MgS0 4 x 7 H 2 0, 1; CaCl 2 x 2 H 2 0, 1; 
HEPES 11,5. Der pH-Wert wird vor dem Autoklavieren mit KOH auf 
7,4 eingestellt. Das XAD wird durch Sieben uber ein Edelstahl- 
sieb (200 Maschenweite) von der Kultur abgetrennt . Die Bakte- 
rien werden durch Zentrif ugation fur 10 min bei 10 000 Upm sedi- 
mentiert und das Pellet in 1/5 des Kulturuberstandes resuspen- 
diert. ; Zu der konzentrierten Bakteriensuspension wird nun Epo- 
thilon A bzw. Epothilon B in methanolischer Losung in einer Kon- 
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zentration von 0,5 g/Liter zugesetzt. Die Kultur wird wie oben 
beschrieben weiterkultiviert. Zur Analyse der Biotransformation 
wird zu den gewiinschten Zeiten eine 1 ml Probe entnommen, 0,1 ml 
XAD zugegeben und die Probe fur 30 min bei 30 °C geschuttelt. 
Eluiert wird das XAD mit Methanol . Das Eluat wird zur Trockene 
eingeengt und in 0,2 ml Methanol wieder aufgenommen. Diese Probe 
wird iiber HPLC analysiert. 

Abb. 4) Kinetik der Biotransformation von Epothilon A nach Epo- 
thilon E 

Abb. 5) Kinetik der Biotransformation von Epothilon B nach Epo- 
thilon F. 

2) Herstellung von Epothilon E durch Biotransformation von 1 g 
Epothilon A. 

Der Stamm Sorangium cellulosum So ce90 wird fur vier Tage in 8,5 
1 des obigen Mediums (jedoch ohne XAD Zusatz) in einem 10 Liter 
Bioreaktor bei 3 0 °C, einer Drehzahl von 15 0 Upm und einer 
Beluftung von 0,1 wm angezogen. 

AnschlieSend wird die Kultur durch cross flow Filtration auf 3 1 
eingeengt. Hierzu werden 0,6 m 2 einer Membran mit einer Poren- 
groSe von 0,3 verwendet . 

Die konzentrierte Kultur wird in einen 4 Liter Bioreaktor uber- 
fuhrt und eine methanol ische Losung von 1 g Epothilon A in 10 ml 
Methanol zugegeben. AnschlieSend wird die Kultur fiber einen 
Zeitraum von 21,5 h weiterkultiviert. Die Temperatur betragt 32 
°C, die Ruhrerdrehzahl 455 Upm und die Beluftung erfolgt mit 6 
1/min. Zum Erntezeitpunkt wird 100 ml XAD zugegeben und fur 1 h 
weiterinkubiert . Das XAD wird durch Absieben von den Zellen ab- 
getrennt und erschopfend mit Methanol eluiert. Das konzentrierte 
Eluat wird uber HPLC analysiert. 
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Bilanzierung der Biotransformation: 

Epothilon A eingesetzt : 1000 mg = 100 % 

Epothilon A nach 21,5 h wiedergef unden: 53,7 mg = 5,4 % 

Epothilon E nach 21,5 h gebildet: 661,4 mg = 66,1 % 
Epothilon A vollstandig abgebaut : = 28,5 % 



Versuch 5 : 



Die erf indungsgemaSen Epothilone wurden mit Zellkulturen 
(Tabelle 2) und auf Polymerisationsf orderung (Tabelle 3) gete- 
stet . 



Tabelle 2: 

Epothilon-Tests mit Zellkulturen 



Epothilon 


A 
493 


B 
507 
IC-50 


C 
477 

[ng/ml] 


D 
491 


E 
509 


F 
523 


Mausf ibroblasten L 929 


4 


1 


100 


20 


20 


1,5 


humane Tumorzellinien : 














HL-60 (Leukamie) 


0 . 2 


0.2 


10 


3 


1 


0,3 


K-562 (Leukamie) 


0.3 


0.3 


20 


10 


2 


0,5 


U-937 (Lymphom) 


0.2 


0.2 


10 


3 


1 


0,2 


KB-3 . 1 (Cervixkarzinom) 


1 


0.6 


20 


12 


5 


0,5 


KB- VI (Cervixkarzinom 














multires 


0.3 


0.3 


15 


3 


5 


0,6 


A- 4 98 (Nierenkarzinom) 




1.5 


150 


20 


20 


3 


A-54 9 (Lungenkarzinom) 


0.7 


0.1 


30 


10 


3 


0,1 
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Tabelle 3 : 

Polymerisations test mit Epothilonen 

Parameter: Zeit bis zur halbmaximalen Polymerisation der Kon- 
trolle 



Me s sung: 


w 


X 


y 


z 


Mittel 


Mittel 












[s] 


[%] 


Kontrolle 


200 


170 


180 


210 


190 


100 


Epothilon A 


95 


60 


70 


70 


74 


39 


Epothilon B 




23 


25 


30 


26 


14 


Epothilon C 


125 


76 


95 


80 


94 


49 


Epothilon D 


125 


73 


120 




106 


56 


Epothilon E 


80 


60 


50 


45 


59 


31 


Epothilon F 


80 


40 


30 


50 


50 


26 



Standardtest mit 0,9 mg Tubulin/ml und 1 fiM Probenkonzentration 

Der Polymerisationstest ist ein in vitro Test mit gereinigtem 
Tubulin aus Schweinehirn . Die Auswertung erfolgt photometrisch . 
Polymerisationsf ordernde Substanzen wie die Epothilone verkurzen 
die Zeit, bis zu der halbmaximale Polymerisation erfolgt ist, d. 
h. , je kiirzer die Zeit, desto wirksamer die Verbindung. w, x, y 
und z sind vier unabhangige Versuche, die relative Wirksamkeit 
ist in der letzten Spalte in % der Kontrolle ausgedriickt ; wieder 
zeigen die niedrigsten Werte die beste Wirksamkeit an. Die 
Rangliste entspricht ziemlich genau der in Zellkulturen festge- 
stellten. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



Gesellschaft fur 
Biotechnologische 
Forschung mbH 
Mascheroder Weg 1 
3 300 Braunschweig 


VIABILITY STATEMENT 
issued pursuant to Rule 10.2 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bouom of this page 


I. DEPOSITOR 


11. IDENTIFICATION OF THE MICROORGANISM 


Name: Gesellschaft fur 
Biotechnologische 

Addf«ji Forschung mbH 

Mascheroder Weg 1 
330 0 Braunschweig 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 6773 j 

Date of the deposit or of the transfer 1 : 

1991-10-28 


III. VIABILITY STATEMENT 


Th« viability of the microorganism identified under II abort wis tesfa 
On that date, th« said microorganism was 


tdon 1991-10-28 } 


( X f viable 




( ) 3 no longer viable 




IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 4 




IV. INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSM DEUTSCHE SAMMLUNG VON 

MIKROORCANISMEN UND ZELLKULTUREN GmbH 

Address: Mascheroder Weg 1 B 
D-J300 Braunschweig 


Signature(s) of person(s) having the power 

to represent the International Depositary Authority 

or of authorised official(s): 

Date: 1991-11-05 



Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most reeent relevant date (date of the new- 
deposit or date of the transfer). 

In the cases referred to In Rule 10.2(a) (ii) and (iii), refer to the most recent viability test. 
Mark with a cross the applicable box. 

Fill in if the information has been requested and if the results of the test were negative. 



Form DSM-DP/9 (sole page) 0787 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Gesellschaft fiir 
Biotechnologische 
Forschung mbH 
Mascheroder Weg 1 
3 3 00 Braunschweig 


RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 


I. IDENTIFICATION OF THE MICROORGANISM 


Identification reference given by the DEPOSITOR 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 


So ce 90 


DSM 6773 


II. SCIENTIFIC DESCRIPTION AND/OR TAXONOMIC DESIGNATION 


The microorganism identified under I. above was accompanied by: 




( ) a scientific description 

( X ) a proposed taxonomic designation 




(Mark with a cross where applicable) 




III. RECEIPT AND ACCEPTANCE 


This International Depositary Authority aceepts this microorganism identified under i. above, which was received by it 
on 1991-10-28 (Date of original deposit) 1 


IV. RECEIPT OF REQUEST FOR CONVERSION 


The microorganism identified under I above was received by this International Depositary Authority on 

(date of original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was 

received by it on (date of receipt of request for conversion). 


V. INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSM -DEUTSCHE SAMMLUNG VON 

MIKROORGANISMEN UND ZELLKULTUREN GmbH 

Adress: Mascheroder Weg 1 B 
D-3300 Braunschweig 


Signature(s) of person(s) having the power 

to represent the International Depositary Authority 

or of authorised official(s): 

D.te. 1991-11-05 



Where Rule 6.4(d) applies* such date is the date on which the status of international depositary authority was acquired. 
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Patentanspriiche _ ... 

1. Epothilone, dadurch gewinnbar, daS man 

(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert , 

(b) das Adsorberharz von der Kultur abtrennt und mit einem 
Wasser/Methanol-Gemisch wascht , 

(c) das gewaschene Adsorberharz mit Methanol eluiert und das 
Eluat zu einem Rohextrakt einengt, 

(d) das gewonnene Konzentrat mit Ethylacetat extrahiert, den 
Extrakt einengt und zwischen Methanol und Hexan verteilt, 

(e) die methanolische Phase zu einem Raffinat einengt und das 
Konzentrat an einer Sephadex-Saule f raktioniert , 

(f) eine Fraktion mit Stof fwechselprodukten des eingesetzten 
Mikroorganismus gewinnt, 

(g) die gewonnene Fraktion an einer C18-Umkehrphase mir einem 
Methanol/Wasser-Gemisch chromatographiert und in zeitlicher 
Reihenfolge 

- nach einer ersten Fraktion mit Epothilon A und 

- einer zweiten Fraktion mit Epothion B 
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- eine dritte Fraktion mit einem ersten weiteren Epothilon und 

- eine vierte Fraktion mit einem zweiten weiteren Epothilon ge- 
winnt und 

(hi) und das Epothilon der ersten weiteren Fraktion und /oder 
(h2) das Epothilon der zweiten weiteren Fraktion isoliert. 

2. Epothilon der Summenformel C26H39NO5S, gekennzeichnet durch 
das 1H- und 13C-NMR-Spektrum gemaS Tabelle 1. 

3 . Epothilon C der Formel : 



Epothilon C R = H n 

4. Epothilon der Summenformel C27H41NO5S, gekennzeichnet durch 
das 1 H- und 13 C-NMR-Spektrum gemaS Tabelle 1. 

5 . Epothilon D der Formel : 



R 




Epothilon D 



R = CH 3 




o 



6. Biotran&f ormant von Epothilon A, dadurch gewinnbar, dafi man 
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(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert, vom Adsorber- 
harz abtrennt und gegebenenf alls die Gesamtmenge oder einen 
Teil der abgetrennten Kultur mit einer methanolischen Losung 
von Epothilon A versetzt, 

(b) die mit Epothilon A versetzte Kultur inkubiert und danach 
mit Adsorberharz versetzt, 

(c) das Adsorberharz von der Kultur abtrennt, mit Methanol elu- 
iert und das Eluat zu einem Rohextrakt einengt, 

(d) den Rohextrakt zwischen Ethylacetat und Wasser verteilt, die 
Ethylacetat -Phase abtrennt und zu einem 01 einengt, 

(e) das 01 an einer Umkehrphase unter folgenden Bedingungen 
chromatographiert : 

Saulenmaterial : Nucleosil 100 C-18 7 /im 
SaulenmaSe: 250 x 16 mm 

Laufmittel: Methanol/Wasser = 60 : 40 

Flufc: 10 ml/min 

und Fraktionen mit einem Gehalt an Biotransf ormant , die sich 
durch UV-L6schung bei 254 nm detektieren lassen, mit einem R t - 
Wert von 20 min abtrennt und den Biotransf ormanten isoliert. 

7. Biotransf ormant von Epothilon A nach Anspruch 6, dadurch ge- 
winnbar, dafi man bei Stufe (a) eine Kultur abtrennt, die drei 
oder vier oder mehr Tage alt ist. 

8. Biotransformant von Epothilon A nach Anspruch 6 oder 7, da- 
durch gewinnbar, daS man bei Stufe (b) ein oder zwei oder mehr 
Tage inkubiert • 
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9. Verbindung der Summenf ormel C26H39NO7S, gekennzeichnet durch 
folgendes 1 H-NMR-Spektrum (300 MHz, CDC1 3 ): delta = 2.38 (2-H a ) , 
2.51 (2-H b ), 4.17 (3-H), 3.19 (6-H), 3.74 (7-H), 1.30 - 1.70 (8- 
H, 9-H 2 , 10-H 2 , 11-H 2 ), 2.89 (12-H) , 3.00 (13-H) , 1.88 (14-H a ) , 
2.07 (14-H b ), 5.40 (15-H) , 6.57 (17-H) ( 7.08 (19-H) t 4.85 (21- 
H 2 ), 1-05 (22-H3), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 0.97 (25-H 3 ), 
2.04 (27-H 3 ) 

10. Verbindung (Epothilon E) der Forme 1 : 



HOCH 



Epothilon E 




11. Biocransf ormant von Epothilon B ; dadurch gewinnbar, da£ man 

(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorber- 
harzes in an sich bekannter Weise kultiviert, vom Adsorber- 
harz abtrennt und gegebenenf alls die Gesamtmenge oder einen 
Teil der abgetrennten Kultur mit einer methanolischen Losung 
von Epothilon B versetzt, 

(b) die mit Epothilon B versetzte Kultur inkubiert und danach 
mit Adsorberharz versetzt, 

(c) das Adsorberharz von der Kultur abtrennt, mit Methanol elu- 
iert und das Eluat zu einem Rohextrakt einengt, 



WO 98/22461 



- 28 - 



PCT/EP97/06442 



(d) den Rohextrakt zwischen Ethylacetat und Wasser verteilt, die 
Ethylacetat- Phase abtrennt und zu einem 01 einengt, 

(e) das 01 an einer Umkehrphase unter folgenden Bedingungen 
chromatographies : 

Saulenmaterial : Nucleosil 100 C-18 7 /xm 
Saulenmafie: 250 x 16 mm 

Laufmittel: Methanol/Wasser = 60 : 40 

FluS: 10 ml/min 

und Fraktionen mit einem Gehalt an Biotransf ormant , die sich 
durch UV-L6schung bei 254 nm detektieren lassen, mit einem R t - 
Wert von 24,5 min abtrennt und den Biotransf ormanten isoliert. 

12. Biotransf ormant nach Anspruch 11, dadurch gewinnbar, dafi man 
bei Stufe (a) eine Kultur abtrennt, die drei oder vier oder mehr 
Tage alt ist . 

13. Biotransf ormant nach Anspruch 11 oder 12, dadurch gewinnbar, 
daS man bei Stufe (b) ein oder zwei oder mehr Tage inkubiert . 

14. Verbindung der Summenformel C27H41NO7S, gekennzeichnet durch 
folgendes 1 H-NMR-Spektrum (300 MH Z , CDCI3): delta = 2.37 (2-H a ) , 
2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H) , 3.74 (7-H), 1.30 - 1.70 (8- 
H/ 9 _h 2/ 10-H 2 , H-H 2 ), 2.78 (13-H), 1.91 (14-H), 2.06 (14-H b ), 
5.42 (15-H), 6.58 (17-H) , 7.10 (19-H) , 4.89 (21-H 2 ) , 1.05 (22- 
H 3 ), 1.26 (23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ), 
2.06 (27-H 3 ) 

15. Verbindung (Epothilon F) der Forme 1 : 
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Epothilon F 




16. Mittel fur den Pf lanzenschutz in der Landwirtschaf t und 
Forstwirschaf t und/oder im Gartenbau, bestehend aus einem oder 
mehreren der Verbindungen gema£ einem der vorangehenden Anspru- 
che oder einer oder -mehreren dieser Verbindungen neben einem 
oder mehreren ublichen Trager(n) und/oder Verdunnungsmittel (n) . 

17. Therapeutisches Mittel, insbesondere zum Einsatz als Cyto- 
statikum, bestehend aus einer oder mehreren der Verbindungen 
nach einem oder mehreren der vorhergehenden Anspruche oder einer 
oder mehrerer der Verbindungen nach einem oder mehreren der vor- 
hergehenden Anspruche neben einem oder mehreren ublichen Tra- 
ger(n) und/oder Verdiinnungsmittel (n) . 
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EPOTHILONES C, D, E AND F, PRODUCTION PROCESS AND THEIR USE AS 
CYTOSTATIC AS WELL AS PHYTOSANITARY AGENTS 

The invention relates to epothilones C, D, E and F, production and use thereof for production 
of therapeutic agents and phytosanitary agents. 

Epothilones C and D 

According to one embodiment, this invention relates to epothilones [C and D], which can be 
produced by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin by an 
essentially known method, 

(b) separating the adsorber resin from the culture and washing it with a water/methanol mixture, 

(c) eluting the washed adsorber resin with methanol and concentrating the eluate to yield 
a crude extract, 

(d) extracting the concentrate thus obtained with ethyl acetate, concentrating the extract and 
distributing it between methanol and hexane, 

(e) concentrating the methanolic phase to yield a raffinate and fractionating the concentrate on 
a Sephadex column, 

(f) obtaining a fraction having metabolic products of the microorganism used, 

(g) chromatographing the fraction thus obtained with a methanol/water mixture on 
a C18 reverse phase and, in chronological order, 

- after a first fraction having epothilone A and 

- after a second fraction having epothione [sic; epothilone] B, 

- obtaining a third fraction having a first additional epothilone, and 

- obtaining a fourth fraction having a second additional epothilone, and 
(hi) isolating the epothilone of the first additional fraction and/or 
(h2) isolating the epothilone of the second additional fraction. 

Furthermore, this invention relates to an epothilone [C] of the empirical formula C26H39NO5S, 
characterized by the l H and 13 C-NMR spectral data according to Table 1. 

This invention also relates to epothilone C of the formula: 
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[insert] 

Epothilone C. R = H 

Furthermore, this invention relates to epothilone [D] of the empirical formula C27H41NO5S, 
characterized by the *H and l3 C-NMR spectral data according to Table L 

Furthermore, this invention also relates to epothilone D of the formula: 

[insert] 

Epothilone D, R = CH 3 

Epothilones C and D can be used to produce the compounds of the following formula 1, and for 
their derivatization. reference can be made to the derivatization methods described in WO-A 
97/19 086. 

[insert] 

In formula 1 above, the following meanings are used: 

R = H,C,. 4 alkyl: 

R\R 2 , R 3 , R\ R' = H,C,.6 alkyl 

C1.6 acyl-benzoyl, 

C M trialkylsilyl, 

benzyl, 

phenyl, 

C1.6 alkoxy, 

C 6 alkyl-, hydroxy- and halogen- 
substituted benzyl or phenyl; 
where two of the R 1 through R 5 groups may also be combined to form the -(CH 2 ) n - group, where 
n = 1 to 6, and the alkyl and/or acyl groups contained in the groups may be linear or branched; 
Y and Z are either the same or different, each standing for hydrogen, halogen, e.g., F, CI, Br or I, 
pseudohalogen, e.g., -NCO, -NCS or -N 3 , OH, 0-(C,_ 6 )-acyl, 0-(d. 6 )-alkyl, O-benzyL Y and Z 
may also denote the O atom of an epoxy, in which case epothilone A and B are not claimed here, 
or they may form one of the C-C bonds of a C=C double bond. 
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Thus the 12, 13-double bond may be selectively: 

- hydrogenated, e.g., catalytically or with diimine, yielding a compound of formula 1 where 
Y = Z = H; or 

- epoxidized, e.g., with dimethyldioxirane or a peracid, yielding a compound of formula 1 where 
YandZ = -0-;or 

- converted to the dihalides, dipseudohalides or diazides, yielding a compound of formula 1, 
where Y and Z = Hal, pseudo-Hal or N3. 

Epothilones E and F 

According to another embodiment, this invention relates to a biotransformant of epothilone A 
obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone A. 

(b) incubating the culture mixed with epothilone A and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting with methanol and concentrating 
the eluate to form a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to yield an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C- 18 7 \xm 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60 : 40 

flow rate: 10 mL/min 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 20 min and isolating the biotransformant. 

Furthermore, this invention relates to such a biotransformant as epothilone A, which is 
obtainable by separating at step (a) a culture, which is three or four or more days old. 
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Furthermore, this invention relates to such a biotransformant of epothilone A, which is 
obtainable by incubating the culture for one or two or more days in step (b). 

Furthermore, this invention relates to a compound of the empirical formula C26H39NO7S 
characterized by the following ! H-NMR spectrum (300 MHz, CDC1 3 ): 5 = 2.38 (2-H a ), 
2.51 (2-H b ), 4.17 (3-H), 3.19 (6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 11 -H 2 ), 
2.89 (12-H), 3.00 (13-H), 1.88 (14-H a ), 2.07 (14-H b ), 5.40 (15-H), 6.57 (17-H), 7.08 (19-H), 
4.85 (21-H 2 ), 1.05 (22-H 3 ), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ). 

Furthermore, this invention relates to a compound (epothilone E) of the formula: 

[insert] 

Epothilone E. R = H 

According to another embodiment, this invention relates to a biotransformant of epothilone B, 
obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating the adsorber resin and optionally mixing all or part 
of the separated culture with a methanolic solution of epothilone B, 

(b) incubating the culture mixed with epothilone B and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting with methanol and concentrating the 
eluate to form a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to yield an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C- 18 7 ^im 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60 : 40 

flow rate: 10 mL/min 

and separating the fractions which contain biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 24.5 min and isolating the biotransformant. 
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Furthermore, this invention relates to such a biotransformant as epothilone B, which is obtainable 
by incubating a culture which is three or four or more days old in step (a). 

Furthermore, this invention relates to such a biotransformant of epothilone B, which is obtainable 
by incubating the culture for one or two or more days in step (b). 

Furthermore, this invention relates to a compound of the empirical formula C27H41NO7S, 
characterized by the following l H-NMR spectral data (300 MHz, CDC1 3 ): 5 = 2.37 (2-H a ), 
2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H). 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 1 i-H 2 ), 
2.78 (13-H), 1.91 (14-H), 2.06 (14-H b ), 5.42 ( 15-H), 6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ), 
1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ), 2.06 (27-H 3 ). 

Furthermore, this invention relates to a compound (epothilone F) of the formula: 

[insert] 

Epothilone F, R = CH 3 
Synthesis and agents 

The compounds according to this invention, i.e.. epothilones, are obtainable by the measures 
described above. 

This invention also relates to phytosanitary agents for use in agriculture, forestry and/or 
gardening, consisting of one or more of the epothilones C, D, E and F listed above and/or 
consisting of one or more of the epothilones listed above plus one or more conventional 
vehicle(s) and/or diluent(s). 

Finally, this invention relates to therapeutic agents consisting of one or more of the compounds 
listed above or one or more of the compounds listed above plus one or more conventional 
vehicle(s) and/or diluent(s). These agents may have cytotoxic activities in particular and/or may 
induce immunosuppression and/or be used to combat malignant tumors, but they can be used 
especially preferably as cytostatics. 

This invention is explained in greater detail below through the description of a few selected 
exemplary embodiments. 
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Examples 

Example 1: 

Epothilones C and D 

A. Production strain and culture conditions according to the epothilone basic patent, 
German Patent 41 38 042 B. 

B. Production with DSM 6773 

75 liters of culture are cultured as described in the basic patent and used in production fermenter 
to inoculate 700 L of production medium consisting of 0.8% starch, 0.2% glucose, 0.2% soybean 
meal, 0.2% yeast extract, 0.1% CaCl 2 x 2H 2 0, 0.1% MgS0 4 x 7H 2 0, 8 mg/L Fe-EDTA, 
pH = 7.4 and optionally 15 L of Amberlite XAD-16 adsorber resin. The fermentation lasts for 
seven to ten days at 30°C, aeration rate 0. 1 L [STP]/m 3 . The p0 2 is kept at 30% by regulating the 
rotational speed. 

C. Isolation 

The adsorber resin is separated from the culture with a 100 mesh process filter (0.7 m 2 ) and freed 
of polar impurities by washing with three bed volumes of water/methanol 2: 1. By elution with 
four bed volumes of methanol, a crude extract is obtained and then evaporated in vacuo until the 
aqueous phase appears. This phase is extracted three times with an equal volume of ethyl acetate. 
Evaporating the organic phase yields 240 g crude extract, which is distributed between methanol 
and heptane to separate the lipophilic impurities. By evaporating in vacuo, 180 g raffinate is 
obtained from the methanol phase and then is fractionated in three portions over Sephadex 
LH-20 (column 20 x 100 cm, 20 mL/min methanol). The epothilones are contained in the 
fraction eluted with a retention time of 240 to 300 minutes, this fraction amounting to a total 
of 72 g. To separate the epothilones, this fraction is chromatographed in three portions on 
Lichrosorb RP-18 (15 |im, column 10 x 40 cm, eluent 180 mL/min methanol/water 65:35). After 
epothilones A and B, epothilone C is eluted with R t = 90 to 95 min, and epothilone D is eluted 
with R { = 100 to 110 min. After evaporating in vacuo, each is obtained as a colorless oil in 
a yield of 0.3 g.. 

D. Physical properties 



[insert] 
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Epothilone C, R = H 
Epothilone D, R = CH 3 

Epothilone C 

C26H39NO5S [477] 

ESI-MS (positive ions): 478.5 for [M + H] + 
! Hand ,3 C: see NMR table. 
TLC: R f = 0.82 

TLC aluminum foil 60 F 254 Merck, eluent: dichloromethane/methanol = 9: 1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 
color on heating to 120°C. 

HPLC: R c = 11.5min 

Column: Nucleosil 100 C-18 7fim, 125 x 4 mm 
Eluent: methanol/water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 

Epothilone D 

C 27 H 4 |N0 5 S [491] 

ESI-MS (positive ions): 492.5 for [M + H] + 
'Hand ,3 C: see NMR table. 
TLC: R f = 0.82 

TLC aluminum foil 60 F 254 Merck, eluent: dichloromethane/methanol = 9:1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 

color on heating to 120°C. 
HPLC: R, = 15.3 min 

Column: Nucleosil 100 C-18 7|im, 125 x 4 mm 
Eluent: methanpl/water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Table 1. 'H and l3 C NMR data on epothilone C and epothilone D in [D 6 ] DMSO at 300 MHz. 



H atom 




9 Hi 
Z-na 


9 18 


9 PK 


Z.-)U 


J-Ll 


^ Q7 


j-Un 


< 1 9 

j. lz 


O-H 


j\) 1 


7 14 


J.4z7 


/-UH 


A A& 

4.40 


Q TJ 

o-M 


1 .j4 




1 .ID 


9-rlD 


I.4U 


lu-ria 


1 1 

1.1" 


i n uu 
lU~riD 


1 K.* 
l.JD* 


1 l-ria 


1 on 


1 1 uu 
I l-HD 


z.lo 


1 1 14 

1 z-ri 


J.JO 


1 1 14 


D.44 


1 /I 14 o 


9 K 
Z.J J 


1 A T4k 
14-rlD 


9 70 
Z. /U 


1 C IT 

15-H 


5.27 


17-H 


6.50 


19-H 


7.35 


21-H 3 


2.65 


22-H3 


0.94 


23-H3 


1.21 


24-H 3 


1.06 


25-H3 


0.90 


26-H 3 




27-H3 


2.10 



Epothilone C 



Epothilone D 



atom 


0 (ppm) 


1 
1 


1 10.5 


2 


38.4 


3 


71.2 


4 


53.1 


5 


217.1 


6 


45.4 


7 


75.9 


8 


35.4 


9 


27.6 


10 


30.0 


11 


27.6 


12 


124.6 


13 


133.1 


14 


31.1 


15 


76.3 


16 


137.3 


17 


119.1 


18 


152.1 


19 


117.7 


20 


164.2 


21 


18.8 


22 


20.8 


23 


22.6 


24 


16.7 


25 


18.4 


27 


14.2 



§ (ppm) 



atom 


0 (ppm) 


1 
1 


1 /u. 1 


2 


39.0 


3 


70.8 


4 


53.2 


5 


217.4 


6 


44.4 


7 


75.5 


8 


36.3 


9 


29.9 


10 


25.9 


11 


31.8* 


12 




13 


138.3 


14 


120.3 


15 


31.6* 


16 


76.6 


17 


137.2 


18 


119.2 


19 


152.1 


20 


117.7 


21 


164.3 


22 


18.9 


23 


19.7 


24 


22.5 


25 


16.4 


26 


18.4 


27 


22.9 




14.1 



2.35 

2.38 

4.10 

5.08 

3.11 

3.48 

4.46 

1.29 

1.14 

1.38 

1.14* 

1.35* 

1.75 

2.10 

5.08 
2.30 
2.65 
5.29 
6.51 
7.35 
2.65 
0.90 
1.19 
1.07 
0.91 
1.63 
2.11 



*. ** Assignment interchangeable 
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Example 2: 

Epothilone A and 12, 13-bisepi-epothilone A from epothilone C 

50 mg epothilone A is dissolved in 1 .5 mL acetone and mixed with 1 .5 mL of a 0.07 molar 
solution of dimethyldioxirane in acetone. After standing for six hours at room temperature, the 
mixture is evaporated in vacuo and separated by preparative HPLC on silica gel (eluent: methyl- 
tert-butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A, R t = 3.5 min (analytical HPLC, 7 |im, column 4 x 250 mm, eluent: 
see above, flow rate 1.5 mL/min) 

and 

20 mg 12, 13-bisepi-epothilone A, R, = 3.7 min, ESI-MS (positive ions) 

m/z = 494 [M + H] + 

'H-NMR in [D 4 ] methanol, selected signals: 

5 = 4.32 (3-H), 3.79 (7-H), 3.06 ( 12-H), 3.16 (13-H), 

5.54 (15-H), 6.69 (17-H), 1.20 (22-H), 1.45 (23-H). 

[insert] 

12, 13-bisepi-epothilone A, R = H 
Example 3: 

Epothilones E and F, new biotransformation products of epothilones A and B. 
Production strain: 

In July 1985, the production strain Sorangium cellulosum So ce90 was isolated at GBF from 

a soil sample obtained from beaches in Zambesi; this strain was then deposited on 

October 28, 1991 with the German Collection for Microorganisms under the number DSM 6773. 

The following sources describe the characterization of the producing cells and the culture 
conditions: 
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G. Hofle, N. Bedorf, K. Gerth and H. Reichenbach: Epothilones, their synthesis methods and 
agents containing them. German Patent Application 41 38 042 Al, laid open for public 
inspection on May 27, 1993. 

Formation of epothilones E and E [sic; F] during fermentation: 

A typical fermentation proceeds as follows: A 100 L bioreactor is charged with 60 L medium 
(0.8% starch, 0.2% glucose, 0.2% soybean meal, 0.2% yeast extract, 0.1% CaCl 2 x 2H 2 0, 
0.1% MgS0 4 x 7H 2 0, 8 mg/L Fe-EDTA, pH 7.4). In addition, 2% adsorber resin (XAD- 16, 
Rohm & Haas) is added. The medium is sterilized by autoclaving (2 hours, 120°C), then 
inoculated with 10 L of a preculture grown in an agitator flask (160 rpm, 30°C) in the same 
medium (plus 50 mM HEPES buffer, pH 7.4). Fermentation is performed at 32°C at an agitator 
speed of 500 rpm and with an aeration rate of 0.2 L [STP] per m 3 and per hour, and the pH is 
kept at 7.4 by adding KOH. Fermentation lasts for 7 to 10 days. The epothilones thus formed are 
bound continuously to the adsorber resin during fermentation. After separating the culture 
medium (e.g., by screening in a process filter), the resin is washed with three bed volumes of 
water and eluted with four bed volumes of methanol. The eluate is concentrated until dry and 
dissolved in 700 mL methanol. 

HPLC analysis of the XAD eluate: 

The eluate is concentrated 100: 1 in relation to the starting volume of the reactor (70 L). The 
analysis is performed with an HPLC system 1090 from Hewlett Packard. A Microbore column 
(125/2 Nucleosil 120-5 C i8 ) from Machery-Nagel (Duren) is used to separate the components. 
Elution is performed with a water/acetonitrile gradient from 75:25 initially to 50:50 after 
5.5 minutes. This ratio is maintained until the 7 th minute and then is increased to 100% 
acetonitrile by the 10 th minute. 

The measurement is performed at a wavelength of 250 nm and a bandwidth of 4 nm. The diode 
array spectra are measured in the wavelength range of 200 to 400 nm. In the XAD eluate, two 
new substances with R t = 5.29 and R t = 5.91 occur, their absorption spectra being identical to 
those of epothilones A and/or B (Figure 1; E corresponds to A; F corresponds to B). Under the 
given fermentation conditions, these substances are formed only in traces. 

Biotransformation of epothilones A and B to epothilones E and F: 

A four-day-old 500 mL culture of So ce90 kept with adsorber resin is used for the controlled 
biotransformation. A 250 mL portion of this is transferred to a sterile 1 L Erlenmeyer flask, 
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leaving the XAD. Then a methanolic solution of a mixture of a total of 36 mg epothilone A and 
14 mg epothilone B is added and the flask is incubated for 2 days at 30°C and 200 rpm on an 
agitator. The formation of epothilones E and F is analyzed directly from 10 \iL of the centrifuged 
culture supernatant (Figure 2). The transformation occurs only in the presence of the cells and is 
a function of the cell density and time. Figure 3 shows the kinetics of this transformation in the 
case of epothilone A. 

Isolation of epothilones E and F 

For isolation of epothilones E and F, three agitated flask batches from biotransformation (see 
above) are combined and agitated for one hour with 20 mL XAD- 1 6. The XAD is recovered 
by screening and is eluted with 200 mL methanol. The eluate is evaporated in vacuo to yield 
1 .7 g crude extract, which is distributed between 30 mL ethyl acetate and 100 mL water. By 
evaporating in vacuo, 330 mg of an oily residue is obtained from the ethyl acetate phase and 
chromatographed in five runs over a 250 x 20 mm RP-18 column (eluent: methanol/water 
58:42, detection 254 nm). 
Yield: Epothilone E 50 mg 
Epothilone F 10 mg 

Biological effect of epothilone E: 

In cell cultures with a concentration that yields a 50% reduction in growth was determined (IC 5 o) 
and compared with the values for epothilone A. 

Cell line ICs n (ng/mL) 



HeLa KB -3. 1 (human) Epothilone E Epothilone A 

Mouse fibroblasts, L929 5 1 

20 4 

Epothilone E 

C26H39HO7S [509] 

ESI-MS (positive ions): 510.3 for [M + H] + 
TLC: R f = 0.58 

TLC aluminum foil 60 F 254 Merck. Eluent: dichloromethane/methanol = 9: 1 
Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 
color on heating to 120°C. 
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HPLC: R, = 5.0 min 

Column: Nucleosil 100 C-18 7um, 250 x 4 mm 
Eluent: methanol/water = 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 

'H-NMR (300 MHz, CDC1 3 ): 5 = 2.38 (2-H a ), 2.51 (2-H„), 4.17 (3-H), 3.19 (6-H), 3.74 (7-H), 
1.30 - 1.70 (8-H, 9-H 2) 10-H 2 , 1 1-H 2 ), 2.89 (12-H), 3.00 ( 13-H), 1.88 (14-H a ), 2.07 (14-H b ), 
5.40 (15-H), 6.57 (17-H), 7.08 (19-H), 4.85 (21-H 2 ), 1.05 (22-H 3 ), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 
0.97 (25-H 3 ), 2.04 (27-H 3 ). 

Epothilone F 

C 27 H4,N0 7 S [523] 

ESI-MS (positive ions): 524.5 for [M + H] + 
TLC: R f = 0.58 

TLC aluminum foil 60 F 254 Merck. Eluent: dichloromethane/methanol = 9: 1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 

color on heating to 120°C. 
HPLC: R t = 5.4 min 

Column: Nucleosil 100 C-18 7um, 250 x 4 mm 
Eluent: methanol/water = 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 

'H-NMR (300 MHz, CDC1 3 ): 8 = 2.37 (2-Ha), 2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H), 
1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 1 1-H 2 ), 2.78 (13-H), 1.91 ( 14-H), 2.06 (14-Hb), 5.42 (15-H), 
6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ), 1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 
1.35 (26-H 3 ), 2.06(27-H 3 ). 

Example 4: 

Producing epothilones E and F by biotransformation with Sorangium celluloswn So ce90 
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1) Performing the biotransformation: 

A culture of Sorangium cellulosum So ce90, which was agitated for 4 days at 160 rpm and 30°C 
in the presence of 2% XAD-16 adsorber resin (Rohm & Haas, Frankfurt/Main), was used for the 
biotransformation. The culture medium had the following composition in g/L distilled water: 
potato starch (Maizena), 8; glucose (Maizena), 8; defatted soybean meal, 2; yeast extract 
(Marcor), 2; ethylenediamine tetraacetic acid, iron (HI) sodium salt, 0.008; MgS0 4 x 7H 2 0, 1; 
CaCl 2 x 2H 2 0, 1; HEPES 1 1.5. The pH was adjusted with KOH to 7.4 before autoclaving. XAD 
was removed from the culture by screening through a stainless steel screen (200 |iM mesh). The 
bacteria were sedimented by centrifugation for 10 minutes at 10,000 rpm, and the pellet was 
resuspended in 1/5 of the culture supernatant. Then epothilone A or epothilone B in methanolic 
solution in a concentration of 0.5 g/L was added to the concentrated bacterial suspension. 
Culturing was continued as described above. For analysis of the biotransformation, a 1 mL 
sample was taken at the desired times, 0.1 mL XAD was added, and the sample was agitated for 
30 min at 30°C. The XAD was eluted with methanol. The eluate was concentrated until dry and 
redissolved in 0.2 mL methanol. The sample was analyzed by HPLC. 

Figure 4. Kinetics of a biotransformation of epothilone A to epothilone E. 

Figure 5. Kinetics of a biotransformation of epothilone B to epothilone F. 

2) Production of epothilone E by biotransformation of I g epothilone A 

The Sorangium cellulosum So ce90 strain was cultured for 4 days in 8.5 L of the above medium 
(but without the addition of XAD) in a 10 L bioreactor at 30°C, a rotational speed of 150 rpm 
and with an aeration rate of 0. 1 vvm. 

Then the culture was concentrated to 3 L by cross-flow filtration using a membrane (0.6 m 2 ) 
having a pore size of 0.3 |im. 

The concentrated culture was transferred to a 4 L bioreactor, and a methanolic solution of 1 g 
epothilone A in 10 mL methanol was added. Culturing was then continued for a period 
of 21.5 hours. The temperature was 32°C, the agitator speed was 455 rpm and the aeration rate 
was 6 liters per minute. At the time of harvest, 100 mL XAD was added and incubation was 
continued for one hour. XAD was separated by screening and eluted exhaustively with methanol. 
The concentrated eluate was analyzed by HPLC. 
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Balance calculations for the biotransformation: 
Epothilone A used: 

Epothilone A recovered after 2 L5 hours: 
Epothilone E formed after 21.5 hours: 
Epothilone A completely degraded: 

Experiment 5: 

The epothilones according to this invention were tested with cell cultures (Table 2) and were 
tested for promoting polymerization (Table 3). 



Table 2: 

Epothilone tests with cell cultures. 



Epothilone 


A 


B 


C 


D 


E 


F 




493 


507 


477 


491 


509 


523 






IC-50 (ng/mL) 








Mouse fibroblasts L929 


4 


1 


100 


20 


20 


1.5 


Human tumor cell lines: 














HL-60 (leukemia) 


0.2 


0.2 


10 


3 


I 


0.3 


K-562 (leukemia) 


0.3 


0.3 


20 


10 


2 


0.5 


U-937 (lymphoma) 


0.2 


0.2 


10 


3 


1 


0.2 


KB-3.1 (cervical carcinoma) 


1 


0.6 


20 


12 


5 


0.5 


KB-V1 (cervical carcinoma, multires) 


0.3 


0.3 


15 


3 


5 


0.6 


A-498 (renal carcinoma) 




1.5 


150 


20 


20 


3 


A-549 (pulmonary carcinoma) 


0.7 


0.1 


30 


10 


3 


0.1 



1000 mg = 100% 

53.7 mg = 5.4% 

661.4 mg = 66.1% 

= 28.5% 
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Table 3: 

Polymerization test with epothilones. 

Parameter: Time until half maximum polymerization of the controls 



Measurement: 


w 


X 


y 


z 


Average 


Average 


Control 


200 


170 


180 


210 


(s) 
190 


(%) 
100 


Epothilone A 


95 


60 


70 


70 


74 


39 


Epothilone B 




23 


25 


30 


26 


14 


Epothilone C 


125 


76 


95 


80 


94 


49 


Epothilone D 


125 


73 


120 




106 


56 


Epothilone E 


80 


60 


50 


45 


59 


31 


Epothilone F 


80 


40 


30 


50 


50 


26 



Standard test with 0.9 mg tubulin/mL and 1 pM sample concentration 



The polymerization test is an in vitro test with purified tubulin from swine brain. The analysis 
is performed photometrically. Polymerization promoting substances such as the epothilones 
shorten the period until half the maximum polymerization has occurred, i.e.. the shorter the 
time, the more effective the compound; w, x, y and z are four independent experiments. The 
relative efficacy is expressed in a percentage of the controls in the last column; again the lowest 
values indicate the best efficacy. This ranking corresponds rather accurately to that found 
in cell cultures. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



Society for 

Biotechnological Research 
Mascheroder Weg 1 
3300 Braunschweig 


VIABILITY STATEMENT 
issued pursuant to Rule 10.2 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 


I. DEPOSITOR 


n. IDENTIFICATION OF THE MICROORGANISM 


Name: Society for 

Biotechnological Research 
Address: Mascheroder Weg 1 

3300 Braunschweig 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 6773 

Date of the deposit or of the transfer 1 : 
October 28, 1991 


IU. VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested on October 28. 1991 . 2 
On that date, the said microorganism was 


(x)"' viable 




( )*' no longer viable 




IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 4 




IV. INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSM GERMAN COLLECTION 
OF MICROORGANISMS AND 
CELL CULTURES 


Signature(s) of person(s) having the power to 
represent the International Depositary Authority 
or of authorized official(s): 


Address: Mascheroder Weg 1 B 
D-3300 Braunschweig 


[signature] 
Date: November 5, 1991 



1 Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant 
date (date of the new deposit or date of the transfer). 

2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability test. 

3 Mark with a cross the applicable box. 

4 Fill in if the information has been requested and if the results of the test were negative. 



Form DSM-BP/9 (sole page) 0787 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Society for 

Biotechnological Research 
Mascheroder Weg 1 
3300 Braunschweig 



RECEIPT in the case of an original deposit 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the DEPOSITOR 

So ce 90 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 6773 



II. SCIENTIFIC DESCRIPTION AND/OR TAXONOMIC DESIGNATION 



The microorganism identified under I. above was accompanied by: 

( ) a scientific description 

(x) a proposed taxonomic designation 

(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts this microorganism identified under I. above, which was 
received by it on October 28, 1991 (date of original deposit) 1 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International Depositary Authority on 
(date of original deposit) and a request to convert the original deposit to a deposit under the Budapest 
Treaty was received by it on (date of receipt of request for conversion). 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: 



Address: 



DSM German Collection of 
Microorganisms and Cell Cultures 

Mascheroder Weg 1 B 
D-3300 Braunschweig 



Signature(s) of person(s) having the power to 
represent the International Depositary Authority 
or of authorized official(s): 

[signature] 
Date: November 5, 1991 



1 Where Rule 6.4(d) applies, such date is the date on which the status of international depositary authority 
was acquired. 
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Patent Claims 

1. Epothilones obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, 

(b) separating the adsorber resin from the culture and washing with a water/methanol mixture, 

(c) eiuting the washed adsorber resin with methanol and concentrating the eluate to yield 
a crude extract, 

(d) extracting the concentrate thus obtained with ethyl acetate, concentrating the extract and 
distributing it between methanol and hexane, 

(e) concentrating the methanolic phase to yield a raffinate and fractionating the concentrate 
on a Sephadex column, 

(f) obtaining a fraction having metabolic products of the microorganism used, 

(g) chromatographing the fraction thus obtained on a C 18 reverse phase with a methanol/water 
mixture and, in chronological order, 

- after a first fraction having epothilone A and 

- after a second fraction having epothione [sic; epothilone] B, 

- obtaining a third fraction having a first additional epothilone, and 

- obtaining a fourth fraction having a second additional epothilone. and 
(hi ) isolating the epothilone of the first additional fraction and/or 
(h2) isolating the epothilone of the second additional fraction. 

2. Epothilone of the empirical formula C26H39NO5S, characterized by the ! H and !3 C-NMR 
spectral data according to Table 1. 

3. Epothilone C of the formula: 

[insert] 

Epothilone C, R = H. 

4. Epothilone of the empirical formula C 2 7H4iN0 5 S, characterized by the ! H and l3 C-NMR 
spectral data according to Table 1. 
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5. Epothilone D of the formula: 

[insert] 

Epothilone D, R = CH 3 

6. Biotransformant of epothilone A, obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone A, 

(b) incubating the culture mixed with epothilone A and then combining it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting it with methanol and concentrating 
the eluate to yield a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to an oil, 

(e) chromatographing the oil on an reverse phase under the following conditions: 

column material: Nucleosil 100 C-18 l\xm 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60:40 

flow rate: lOmL/min 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 20 min and isolating the biotransformant. 

7. Biotransformant of epothilone A according to Claim 6, obtainable by separating a culture 
three or four or more days old in step (a). 

8. Biotransformant of epothilone A according to Claim 6 or 7, obtainable by incubating the 
culture for one or two or more days in step (b). 



9. Compound having the empirical formula C26H39NO7S, characterized by the following 
'H-NMR spectrum (300 MHz, CDC1 3 ): 5 = 2.38 (2-H a ), 2.51 (2-H b ), 4.17 (3-H), 3.19 (6-H), 
3.74 (7-H), 1.30- 1.70 (8-H,9-H 2 , 10-H 2 , 11-H 2 ), 2.89 (12-H), 3.00 (13-H), 1.88(14-H a ), 
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2.07 (14-H b ), 5.40 (15-H), 6.57 ( 17-H), 7.08 (19-H), 4.85 (21-H 2 ), 1.05 (22-H 3 ), 1-32 (23-H 3 ), 

I. 17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ). 

10. Compound (epothilone E) having the formula: 

[insert] 

Epothilone E, R = H. 

II. Biotransformant of epothilone B, obtainable by: 

(a) culturing Sorangium celluloswn DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone B, 

(b) incubating the culture mixed with epothilone B and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting it with methanol and concentrating 
the eluate to yield a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C-18 l\xm 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60:40 

flow rate: 10 mL/min 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 24.5 min and isolating the biotransformant. 

12. Biotransformant according to Claim 1 1, obtainable by separating a culture that is three 
or four or more days old in step (a). 

13. Biotransfonnant according to Claim 1 1 or 12, obtainable by incubating the culture for one 
or two or more days in step (b). 
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14. Compound of the empirical formula C27H41NO7S, characterized by the following ! H-NMR 
spectrum (300 MHz, CDCI3): 5 = 2.37 (2-H a ), 2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H), 
1.30- 1.70 (8-H,9-H 2 , 10-H 2 , 1 l-H 2 ), 2.78 (13-H), 1.91 (14-H), 2.06 (14-H b ), 5.42 ( 15-H), 
6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ), 1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14(24-H 3 ), 0.98 (25-H 3 ), 
1.35 (26-H 3 ),2.06 (27-H 3 ). 

15. Compound (epothilone F) of the formula: 

[insert] 

Epothilone F, R = CH 3 . 

16. Phytosanitary agent for use in agriculture and forestry and/or gardening, consisting of one 
or more of the compounds according to one or more of the preceding claims or one or more 
of these compounds in addition to one or more conventional vehicle(s) and/or diluent(s). 

17. Therapeutic agent, in particular for use as a cytostatic agent, consisting of one or more of the 
compounds according to one or more of the preceding claims or one or more of the compounds 
according to one or more of the preceding claims plus one or more conventional vehicle(s) and/or 
diluent(s). 
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Fig. 1 - 5 

Norm. = Standardized 
Epothilon = Epothilone 

Ersatzblatt (Regel 26) = Replacement page (Rule 26) 
Fig. 4 + 5 

Gesamtepothilon = Total epothilone 
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EPOTHILONES C, D, E AND F, PRODUCTION PROCESS AND THEIR USE AS 
CYTOSTATIC AS WELL AS PHYTOSANITARY AGENTS 

Tlje invention relates to epothilones C, D, E and F, production and use thereof for production 
of therapeutic agents and phytosanitary agents. 

Epothilones C and D 

According to one embodiment, this invention relates to epothilones [C and D], which can be 
produced by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin by an 
essentially known method, 

(b) separating the adsorber resin from the culture and washing it with a water/methanol mixture, 

(c) eluting the washed adsorber resin with methanol and concentrating the eluate to yield 
a crude extract, 

(d) extracting the concentrate thus obtained with ethyl acetate, concentrating the extract and 
distributing it between methanol and hexane, 

(e) concentrating the methanolic phase to yield a raffinate and fractionating the concentrate on 
a Sephadex column, 

(0 obtaining a fraction having metabolic products of the microorganism used, 
(g) chromatographing the fraction thus obtained with a methanol/water mixture on 
a C18 reverse phase and, in chronological order, 

- after a first fraction having epothilone A and 

- after a second fraction having epothione [sic; epothilone] B, 

- obtaining a third fraction having a first additional epothilone, and 

- obtaining a fourth fraction having a second additional epothilone, and 
(hi) isolating the epothilone of the first additional fraction and/or 
(h2) isolating the epothilone of the second additional fraction. 

Furthermore, this invention relates to an epothilone [C] of the empirical formula C26H39NO5S, 
characterized by the *H and 13 C-NMR spectral data according to Table 1. 

This invention also relates to epothilone C of the formula: 



CONFIRMATION COPY 
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[insert] 

Epothilone C R = H 

Furthermore, this invention relates to epothilone [D] of the empirical formula C27H41NO5S, 
characterized by the ! H and l3 C-NMR spectral data according to Table 1. 

Furthermore, this invention also relates to epothilone D of the formula: 

[insert] 

Epothilone D, R = CH 3 

Epothilones C and D can be used to produce the compounds of the following formula 1 , and for 
their derivatization, reference can be made to the derivatization methods described in WO- A 
97/19 086. 

[insert] 

In formula 1 above, the following meanings are used: 

R = H,C M alkyl; 4 
R , ,R 2 ,R 3 ,R 4 ,R 5 = H,C ! . 6 alkyl, 

Cj-6 acyl -benzoyl, 

d_4 trialkylsilyl, 

benzyl, 

phenyl, 

Ci_6 alkoxy, 

C 6 alkyl-, hydroxy- and halogen- 
substituted benzyl or phenyl; 
where two of the R 1 through R 5 groups may also be combined to form the -(CH 2 ) n - group, where 
n = 1 to 6, and the alkyl and/or acyl groups contained in the groups may be linear or branched; 
Y and Z are either the same or different, each standing for hydrogen, halogen, e.g., F, CI, Br or I, 
pseudohalogen, e.g., -NCO, -NCS or -N 3 , OH, 0-(d. 6 )-acyl, 0-(C N6 )-alkyl, O-benzyl. Y and Z 
may also denote the O atom of an epoxy, in which case epothilone A and B are not claimed here, 
or they may form one of the C-C bonds of a C=C double bond. 
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Thus the 12, 13-double bond may be selectively: 

- hydrogenated, e.g., catalytically or with diimine, yielding a compound of formula 1 where 

Y = Z=H;or 

- epoxidized, e.g., with dimethyldioxirane or a peracid, yielding a compound of formula 1 where 

Y and Z = -0-; or 

- converted to the dihalides, dipseudohalides or diazides, yielding a compound of formula 1, 
where Y and Z = Hal, pseudo-Hal or N 3 . 

Epothilones E and F 

According to another embodiment, this invention relates to a biotransformant of epothilone A 
obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone A, 

(b) incubating the culture mixed with epothilone A and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting with methanol and concentrating 
the eluate to form a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to yield an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C- 18 7 pm 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60 : 40 

flow rate: 10 mL/min 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 20 min and isolating the biotransformant. 

Furthermore, this invention relates to such a biotransformant as epothilone A, which is 
obtainable by separating at step (a) a culture, which is three or four or more days old. 



WO 98/2246 1 PCT/EP97/06442 

-4 - 

Furthermore, this invention relates to such a biotransformant of epothilone A, which is 
obtainable by incubating the culture for one or two or more days in step (b). 

Furthermore, this invention relates to a compound of the empirical formula C26H39NO7S 
characterized by the following l H-NMR spectrum (300 MHz, CDCh): 5 = 2.38 (2-H a ), 
2.51 (2-H b ),4.17(3-H),3.19(6-H),3.74(7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , ll-H 2 ), 
2.89 (12-H), 3.00 (13-H), 1.88 (14-H a ), 2.07 (14-H b ), 5.40 (15-H), 6.57 (17-H), 7.08 (19-H), 
4.85 (2i-H 2 ), 1.05 (22-H 3 ), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ). 

Furthermore, this invention relates to a compound (epothilone E) of the formula: 

[insert] 

Epothilone E, R = H 

According to another embodiment, this invention relates to a biotransformant of epothilone B, 
obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating the adsorber resin and optionally mixing all or part 
of the separated culture with a methanolic solution of epothilone B, 

(b) incubating the culture mixed with epothilone B and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting with methanol and concentrating the 
eluate to form a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to yield an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C-18 7 |im 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60 : 40 

flow rate: 10 mL/min 

and separating the fractions which contain biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 24.5 min and isolating the biotransformant. 
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Furthermore, this invention relates to such a biotransformant as epothilone B, which is obtainable 
by incubating a culture which is three or four or more days old in step (a). 

Furthermore, this invention relates to such a biotransformant of epothilone B, which is obtainable 
by incubating the culture for one or two or more days in step (b). 

Furthermore, this invention relates to a compound of the empirical formula C27H41NO7S, 
characterized by the following ! H-NMR spectral data (300 MHz, CDCI3): 6 = 2.37 (2-H a ), 
2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 1 1-H 2 ), 
2.78 (13-H), 1.91 (14-H), 2.06 (14-H b ), 5.42 (15-H), 6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ), 
1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ), 2.06 (27-H 3 ). 

Furthermore, this invention relates to a compound (epothilone F) of the formula: 

[insert] 

Epothilone F, R = CH3 
Synthesis and agents 

The compounds according to this invention, i.e., epothilones, are obtainable by the measures 
described above. 

This invention also relates to phytosanitary agents for use in agriculture, forestry and/or 
gardening, consisting of one or more of the epothilones C, D, E and F listed above and/or 
consisting of one or more of the epothilones listed above plus one or more conventional 
vehicle(s) and/or diluent(s). 

Finally, this invention relates to therapeutic agents consisting of one or more of the compounds 
listed above or one or more of the compounds listed above plus one or more conventional 
vehicle(s) and/or diluent(s). These agents may have cytotoxic activities in particular and/or may 
induce immunosuppression and/or be used to combat malignant tumors, but they can be used 
especially preferably as cytostatics. 

This invention is explained in greater detail below through the description of a few selected 
exemplary embodiments. 
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Examples 

Example 1: 

Epothilones C and D 

A. Production strain and culture conditions according to the epothilone basic patent, 
German Patent 41 38 042 B. 

B. Production with DSM 6773 

75 liters of culture are cultured as described in the basic patent and used in production fermenter 
to inoculate 700 L of production medium consisting of 0.8% starch, 0.2% glucose, 0.2% soybean 
meal, 0.2% yeast extract, 0. 1 % CaCl 2 x 2H 2 0, 0. 1 % MgS0 4 x 7H 2 0, 8 mg/L Fe-EDTA, 
pH = 7.4 and optionally 15 L of Amberlite XAD-16 adsorber resin. The fermentation lasts for 
seven to ten days at 30°C, aeration rate 0. 1 L [STP]/m 3 . The p0 2 is kept at 30% by regulating the 
rotational speed. 

C. Isolation 

The adsorber resin is separated from the culture with a 100 mesh process filter (0.7 nr) and freed 
of polar impurities by washing with three bed volumes of water/methanol 2: 1. By elution with 
four bed volumes of methanol, a crude extract is obtained and then evaporated in vacuo until the 
aqueous phase appears. This phase is extracted three times with an equal volume of ethyl acetate. 
Evaporating the organic phase yields 240 g crude extract, which is distributed between methanol 
and heptane to separate the lipophilic impurities. By evaporating in vacuo, 180 g raffinate is 
obtained from the methanol phase and then is fractionated in three portions over Sephadex 
LH-20 (column 20 x 100 cm, 20 mL/min methanol). The epothilones are contained in the 
fraction eluted with a retention time of 240 to 300 minutes, this fraction amounting to a total 
of 72 g. To separate the epothilones, this fraction is chromatographed in three portions on 
Lichrosorb RP-18 (15 |nm, column 10 x 40 cm, eluent 180 mL/min methanol/water 65:35). After 
epothilones A and B, epothilone C is eluted with R t = 90 to 95 min, and epothilone D is eluted 
with R t = 100 to 1 10 min. After evaporating in vacuo, each is obtained as a colorless oil in 
a yield of 0.3 g. 

D. Physical properties 

[insert] 
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Epothilone C, R = H 
Epothilone D, R = CH 3 

Epothilone C 

C 26 H39N0 5 S [477] 

ESI-MS (positive ions): 478.5 for [M + H] + 
'H and ,3 C: see NMR table. 
TLC: R f = 0.82 

TLC aluminum foil 60 F 254 Merck, eluent: dichloromethane/methanol = 9: 1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 
color on heating to 1 20°C. 

HPLC: R r = ll.Smin 

Column: Nucleosil 100 C-18 7|jm, 125 x 4 mm 
Eluent: methanol/water = 65:35 
Flow rate: 1 mLVmin 
Detection: diode array 

Epothilone D 

C 27 H4,N0 5 S [491] 

ESI-MS (positive ions): 492.5 for [M + H] + 
l H and 13 C: see NMR table. 
TLC: R f = 0.82 

TLC aluminum foil 60 F 254 Merck, eluent: dichloromethane/methanol = 9:1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 

color on heating to 1 20°C. 
HPLC: R t = 15.3 min 

Column: Nucleosil 100 C-18 7pm, 125 x 4 mm 
Eluent: methanol/water = 65:35 
Row rate: 1 mL/min 
Detection: diode array 
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Table 1. 'H and l3 C NMR data on epothilone C and epothilone D in [D 6 ] DMSO at 300 MHz. 



H atom 


5 (ppm) 


2-Ha 


2.38 


2-Hb 


2.50 


3-H 


3.97 


3-OH 


5.12 


6-H 


3.07 


7-H 


3.49 


7-OH 


4.46 


8-H 


1.34 


9-Ha 


1.15 


9-Hb 


1.40 


10-Ha 


1.15* 


10-Hb 


1.35* 


11-Ha 


1.90 


11 -Hb 


2.18 


12-H 


5.38** 


13-H 


5 44** 


14-Ha 


2.35 


14-Hb 


2.70 


15-H 


5.27 


17-H 


6.50 


19-H 


7.35 


21-H 3 


2.65 


22-H3 


0.94 


23-Hj 


1.21 


24-H3 


1.06 


25-H3 


0.90 


26-H 3 




27-H3 


2.10 



Epothilone C 



atom 


5 (ppm) 


1 


170.3 


2 


38.4 


3 


71.2 


4 


53.1 


5 


217.1 


6 


45.4 


7 


75.9 


8 


35.4 


9 


27.6 


10 


30.0 


11 


27.6 


12 


124.6 


13 


133.1 


1.4 


31.1 


15 


76.3 


16 


137.3 


17 


119.1 


18 


152.1 


19 


117.7 


20 


164.2 


21 


18.8 


22 


20.8 


23 


22.6 


24 


16.7 


25 


18.4 


27 


14.2 



8 (ppm) 



Epothilone D 



atom 


5 (ppm) 


1 


170.1 


2 


39.0 


3 


70.8 


4 


53.2 


5 


217.4 


6 


44.4 


7 


75.5 


8 


36.3 


9 


29.9 


10 


25.9 


11 


31.8* 


12 




13 


138.3 


14 


120.3 


15 


31.6* 


16 


76.6 


17 


137.2 


18 


119.2 


19 


152.1 


20 


117.7 


21 


164.3 


22 


18.9 


23 


19.7 


24 


22.5 


25 


16.4 


26 


18.4 


27 


22.9 




14.1 



2.35 

2.38 

4.10 

5.08 

3.11 

3.48 

4.46 

1.29 

1.14 

1.38 

1.14* 

1.35* 

1.75 

2.10 

5.08 
2.30 
2.65 
5.29 
6.51 
7.35 
2.65 
0.90 
1.19 
1.07 
0.91 
1.63 
2.11 



Assignment interchangeable 
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Example 2: 

Epothilone A and 12, 13-bisepi-epothilone A from epothilone C 

50 mg epothilone A is dissolved in 1.5 mL acetone and mixed with 1.5 mL of a 0.07 molar 
solution of dimethyldioxirane in acetone. After standing for six hours at room temperature, the 
mixture is evaporated in vacuo and separated by preparative HPLC on silica gel (eluent: methyl- 
tert-butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A, R t = 3.5 min (analytical HPLC, 7 (jm, column 4 x 250 mm, eluent: 
see above, flow rate 1.5 mL/min) 

and 

20 mg 12, 13-bisepi-epothilone A, R t = 3.7 min, ESI-MS (positive ions) 

m/z = 494 [M + H] + 

l H-NMR in [D 4 ] methanol, selected signals: 

5 = 4.32 (3-H), 3.79 (7-H), 3.06 (12-H), 3.16 (13-H), 

5.54 (15-H), 6.69 (17-H), 1.20 (22-H), 1.45 (23-H). 

[insert] 

12, 13-bisepi-epothilone A, R = H 
Example 3: 

Epothilones E and F, new biotransformation products of epothilones A and B. 
Production strain: 

In July 1985, the production strain Sorangium cellulosum So ce90 was isolated at GBF from 

a soil sample obtained from beaches in Zambesi; this strain was then deposited on 

October 28, 1991 with the German Collection for Microorganisms under the number DSM 6773. 

The following sources describe the characterization of the producing cells and the culture 
conditions: 
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G. Hofle, N. Bedorf, K. Gerth and H. Reichenbach: Epothilones, their synthesis methods and 
agents containing them. German Patent Application 41 38 042 Al, laid open for public 
inspection on May 27, 1993. 

Formation of epothilones E and E [sic; F] during fermentation: 

A typical fermentation proceeds as follows: A 100 L bioreactor is charged with 60 L medium 
(0.8% starch, 0.2% glucose, 0.2% soybean meal, 0.2% yeast extract, 0.1% CaCl 2 x 2H 2 0, 
0.1% MgS0 4 x 7H 2 0, 8 mg/L Fe-EDTA, pH 7.4). In addition, 2% adsorber resin (XAD- 16, 
Rohm & Haas) is added. The medium is sterilized by autoclaving (2 hours, 120°C), then 
inoculated with 10 L of a preculture grown in an agitator flask (160 rpm, 30°C) in the same 
medium (plus 50 mM HEPES buffer, pH 7.4). Fermentation is performed at 32°C at an agitator 
speed of 500 rpm and with an aeration rate of 0.2 L [STP] per m 3 and per hour, and the pH is 
kept at 7.4 by adding KOH. Fermentation lasts for 7 to 10 days. The epothilones thus formed are 
bound continuously to the adsorber resin during fermentation. After separating the culture 
medium (e.g., by screening in a process filter), the resin is washed with three bed volumes of 
water and eluted with four bed volumes of methanol. The eluate is concentrated until dry and 
dissolved in 700 mL methanol. 

HPLC analysis of the XAD eluate: 

The eluate is concentrated 100: 1 in relation to the starting volume of the reactor (70 L). The 
analysis is performed with an HPLC system 1090 from Hewlett Packard. A Microbore column 
(125/2 Nucleosil 120-5 C l8 ) from Machery-Nagel (Duren) is used to separate the components. 
Elution is performed with a water/acetonitrile gradient from 75:25 initially to 50:50 after 
5.5 minutes. This ratio is maintained until the 7 th minute and then is increased to 100% 
acetonitrile by the 10 th minute. 

The measurement is performed at a wavelength of 250 nm and a bandwidth of 4 nm. The diode 
array spectra are measured in the wavelength range of 200 to 400 nm. In the XAD eluate, two 
new substances with R t = 5.29 and R t = 5.91 occur, their absorption spectra being identical to 
those of epothilones A and/or B (Figure 1; E corresponds to A; F corresponds to B). Under the 
given fermentation conditions, these substances are formed only in traces. 

Biotransformation^ epothilones A and B to epothilones E and F: 

A four-day-old 500 mL culture of So ce90 kept with adsorber resin is used for the controlled 
biotransformation. A 250 mL portion of this is transferred to a sterile 1 L Erlenmeyer flask, 
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leaving the XAD. Then a methanolic solution of a mixture of a total of 36 mg epothilone A and 
14 mg epothilone B is added and the flask is incubated for 2 days at 30°C and 200 rpm on an 
agitator. The formation of epothilones E and F is analyzed directly from 10 jjL of the centrifuged 
culture supernatant (Figure 2). The transformation occurs only in the presence of the cells and is 
a function of the cell density and time. Figure 3 shows the kinetics of this transformation in the 
case of epothilone A. 

Isolation of epothilones E and F 

For isolation of epothilones E and F, three agitated flask batches from biotransformation (see 
above) are combined and agitated for one hour with 20 mL XAD-16. The XAD is recovered 
by screening and is eluted with 200 mL methanol. The eluate is evaporated in vacuo to yield 
1.7 g crude extract, which is distributed between 30 mL ethyl acetate and 100 mL water. By 
evaporating in vacuo, 330 mg of an oily residue is obtained from the ethyl acetate phase and 
chromatographed in five runs over a 250 x 20 mm RP-18 column (eluent: methanol/water 
58:42, detection 254 nm). 
Yield: Epothilone E 50 mg 
Epothilone F 10 mg 

Biological effect of epothilone E: 

In cell cultures with a concentration that yields a 50% reduction in growth was determined (IC 50 ) 
and compared with the values for epothilone A. 



Epothilone E 

C26H39HO7S [509] 

ESI-MS (positive ions): 510.3 for [M + H] + 
TLC: R f = 0.58 

TLC aluminum foil 60 F 254 Merck. Eluent: dichloromethane/methanol = 9: 1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 



Cell line 



ICsn (ng/mL) 



HeLaKB-3.1 (human) 
Mouse fibroblasts, L929 



Epothilone E Epothilone A 



20 



color on heating to 120°C. 
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HPLC: R, = 5.0 min 

Column: Nucleosil 100 C-18 7um, 250 x 4 mm 
Eluent: methanol/water = 60:40 
Flow rate: 1 .2 mL/min 
Detection: diode array 

'H-NMR (300 MHz, CDC1 3 ): 8 = 2.38 (2-H a ), 2.51 (2-H b ), 4.17 (3-H), 3.19 (6-H), 3.74 (7-H), 
1.30- 1.70 (8-H, 9-H 2) 10-H 2 , 11-H 2 ), 2.89 (12-H), 3.00 (13-H), 1.88 (14-H a ), 2.07 (14-H b ), 
5.40(15-H), 6.57 (17-H), 7.08 (19-H), 4.85 (21-H 2 ), 1.05 (22-H 3 ), 1.32 (23-H 3 ), 1.17(24-H 3 ), 
0.97 (25-H 3 ), 2.04 (27-H 3 ). 

Epothilone F 

C 27 H4iN0 7 S [523] 

ESI-MS (positive ions): 524.5 for [M + H] + 
TLC: R f = 0.58 

TLC aluminum foil 60 F 254 Merck. Eluent: dichloromethane/methanol = 9: 1 

Detection: UV extinction at 254 nm. Spraying with vanillin-sulfuric acid reagent, blue-gray 

color on heating to 120°C. 
HPLC: R, = 5.4 min 

Column: Nucleosil 100 C-18 7um, 250 x 4 mm 
Eluent: methanol/water = 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 

'H-NMR (300 MHz, CDC1 3 ): 5 = 2.37 (2-H a ), 2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H), 
1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 11-H 2 ), 2.78 (13-H), 1.91 (14-H), 2.06 (14-H b ), 5.42 (15-H), 
6.58 (17-H), 7. 10 (19-H), 4.89 (21-H 2 ), 1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 
1.35 (26-H 3 ),2.06 (27-H 3 ). 

Example 4: 

Producing epothilones E and F by biotransformation with Sorangium cellulosum So ce90 
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1) Performing the biotransformation: 

A culture of Sorangium cellulosum So ce90, which was agitated for 4 days at 160 rpm and 30°C 
in the presence of 2% XAD- 16 adsorber resin (Rohm & Haas, Frankfurt/Main), was used for the 
biotransformation. The culture medium had the following composition in g/L distilled water: 
potato starch (Maizena), 8; glucose (Maizena), 8; defatted soybean meal, 2; yeast extract 
(Marcor), 2; ethylenediamine tetraacetic acid, iron (EI) sodium salt, 0.008; MgS0 4 x 7H 2 0, 1; 
CaCl 2 x 2H 2 0, 1; HEPES 1 1.5. The pH was adjusted with KOH to 7.4 before autoclaving. XAD 
was removed from the culture by screening through a stainless steel screen (200 \xM mesh). The 
bacteria were sedimented by centrifugation for 10 minutes at 10,000 rpm, and the pellet was 
resuspended in 1/5 of the culture supernatant. Then epothilone A or epothilone B in methanolic 
solution in a concentration of 0.5 g/L was added to the concentrated bacterial suspension. 
Culturing was continued as described above. For analysis of the biotransformation, a 1 mL 
sample was taken at the desired times, 0. 1 mL XAD was added, and the sample was agitated for 
30 min at 30°C. The XAD was eluted with methanol. The eluate was concentrated until dry and 
redissolved in 0.2 mL methanol. The sample was analyzed by HPLC. 

Figure 4. Kinetics of a biotransformation of epothilone A to epothilone E. 

Figure 5. Kinetics of a biotransformation of epothilone B to epothilone F. 

2) Production of epothilone E by biotransformation of 1 g epothilone A 

The Sorangium cellulosum So ce90 strain was cultured for 4 days in 8.5 L of the above medium 
(but without the addition of XAD) in a 10 L bioreactor at 30°C, a rotational speed of 150 rpm 
and with an aeration rate of 0. 1 vvm. 

Then the culture was concentrated to 3 L by cross-flow filtration using a membrane (0.6 m 2 ) 
having a pore size of 0.3 |um. 

The concentrated culture was transferred to a 4 L bioreactor, and a methanolic solution of 1 g 
epothilone A in 10 mL methanol was added. Culturing was then continued for a period 
of 21.5 hours. The temperature was 32°C, the agitator speed was 455 rpm and the aeration rate 
was 6 liters per minute. At the time of harvest, 100 mL XAD was added and incubation was 
continued for one hour. XAD was separated by screening and eluted exhaustively with methanol. 
The concentrated eluate was analyzed by HPLC. 
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Balance calculations for the biotransformation: 



Epothilone A used: 

Epothilone A recovered after 2 1 .5 hours 
Epothilone E formed after 21.5 hours: 
Epothilone A completely degraded: 

Experiment 5: 

The epothilones according to this invention were tested with cell cultures (Table 2) and were 
tested for promoting polymerization (Table 3). 



Table 2: 

Epothilone tests with cell cultures. 



Epothilone 


A 


B 


c 


D 


E 


F 




493 


507 


477 


491 


509 


523 






IC-50 (ng/mL) 








Mouse fibroblasts L929 


4 


1 


100 


20 


20 


1.5 


Human tumor cell lines: 














HL-60 (leukemia) 


0.2 


0.2 


10 


3 


1 


0.3 


K-562 (leukemia) 


0.3 


0.3 


20 


10 


2 


0.5 


U-937 (lymphoma) 


0.2 


0.2 


10 


3 


1 


0.2 


KB-3.1 (cervical carcinoma) 


1 


0.6 


20 


12 


5 


0.5 


KB-V1 (cervical carcinoma, multires) 


0.3 


0.3 


15 


3 


5 


0.6 


A-498 (renal carcinoma) 




1.5 


150 


20 


20 


3 


A-549 (pulmonary carcinoma) 


0.7 


0.1 


30 


10 


3 


0.1 



I 



1000 mg = 100% 

53.7 mg = 5.4% 

661.4 mg = 66.1% 

= 28.5% 
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Table 3: 

Polymerization test with epothilones. 

Parameter: Time until half maximum polymerization of the controls 



Measurement: 


w 


X 


y 


z 


Average 


Average 












(s) 


(%) 


Control 


200 


170 


180 


210 


190 


100 


Epothilone A 


95 


60 


70 


70 


74 


39 


Epothilone B 




23 


25 


30 


26 


14 


Epothilone C 


125 


76 


95 


80 


94 


49 


Epothilone D 


125 


73 


120 




106 


56 


Epothilone E 


80 


60 


50 


45 


59 


31 


Epothilone F 


80 


40 


30 


50 


50 


26 



Standard test with 0.9 mg tubulin/mL and 1 |iM sample concentration 



The polymerization test is an in vitro test with purified tubulin from swine brain. The analysis 
is performed photometrically. Polymerization promoting substances such as the epothilones 
shorten the period until half the maximum polymerization has occurred, i.e., the shorter the 
time, the more effective the compound; w, x, y and z are four independent experiments. The 
relative efficacy is expressed in a percentage of the controls in the last column; again the lowest 
values indicate the best efficacy. This ranking corresponds rather accurately to that found 
in cell cultures. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 

Society for 

Biotechnological Research 
Mascheroder Weg 1 

3300 Braunschweig VIABILITY STATEMENT 

issued pursuant to Rule 10.2 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. DEPOSITOR 


0. IDENTIFICATION OF THE MICROORGANISM 


Name: Society for 

Biotechnological Research 
Address: Mascheroder Weg 1 

3300 Braunschweig 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 6773 

Date of the deposit or of the transfer 1 : 
October 28, 1991 


ffl. VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested on October 28, 1991. 2 
On that date, the said microorganism was 


(x) 3 viable 




( ) 3 no longer viable 




IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 4 




IV. INTERNATIONAL DEPOSITARY AUTHORITY 


Name. DSM GERMAN COLLECTION 
OF MICROORGANISMS AND 
CELL CULTURES 


Signature(s) of person(s) having the power to 
represent the International Depositary Authority 
or of authorized official(s): 


Address: Mascheroder Weg 1 B 
D-3300 Braunschweig 


[signature] 
Date: Novembers, 1991 



1 Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant 
date (date of the new deposit or date of the transfer). 

2 In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viability test. 

3 Mark with a cross the applicable box. 

4 Fill in if the information has been requested and if the results of the test were negative. 



Form DSM-BP/9 (sole page) 0787 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Society for 

Biotechnological Research 
Mascheroder Weg 1 
3300 Braunschweig 



RECEIPT in the case of an original deposit 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the DEPOSITOR 

So ce 90 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM 6773 



II. SCIENTIFIC DESCRIPTION AND/OR TAXONOMIC DESIGNATION 



The microorganism identified under L above was accompanied by: 

( ) a scientific description 

(x) a proposed taxonomic designation 

(Mark with a cross where applicable) 



ffl. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts this microorganism identified under I. above, which was 



received by it on October 28, 1991 (date of original deposit) 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International Depositary Authority on 
(date of original deposit) and a request to convert the original deposit to a deposit under the Budapest 
Treaty was received by it on (date of receipt of request for conversion). 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: DSM German Collection of 

Microorganisms and Cell Cultures 

Address: Mascheroder Weg 1 B 
D-33.00 Braunschweig 



Signature(s) of person(s) having the power to 
represent the International Depositary Authority 
or of authorized official(s): 

[signature] 

Date: November 5, 1991 



1 Where Rule 6.4(d) applies, such date is the date on which the status of international depositary authority 
was acquired. 
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Patent Claims 

1 . Epothilones obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, 

(b) separating the adsorber resin from the culture and washing with a water/methanol mixture, 

(c) eluting the washed adsorber resin with methanol and concentrating the eluate to yield 
a crude extract, 

(d) extracting the concentrate thus obtained with ethyl acetate, concentrating the extract and 
distributing it between methanol and hexane, 

(e) concentrating the methanolic phase to yield a raffinate and fractionating the concentrate 
on a Sephadex column, 

(f) obtaining a fraction having metabolic products of the microorganism used, 

(g) chromatographing the fraction thus obtained on a C 18 reverse phase with a methanol/water 
mixture and, in chronological order, 

- after a first fraction having epothilone A and 

- after a second fraction having epothione [sic; epothilone] B, 

- obtaining a third fraction having a first additional epothilone, and 

- obtaining a fourth fraction having a second additional epothilone, and 
(hi) isolating the epothilone of the first additional fraction and/or 
(h2) isolating the epothilone of the second additional fraction. 

2. Epothilone of the empirical formula C 2 6H 3 9N0 5 S, characterized by the ! H and l3 C-NMR 
spectral data according to Table 1 . 

3. Epothilone C of the formula: 

[insert] 

Epothilone C, R = H. 

4. Epothilone of the empirical formula C 2 7H4iN0 5 S, characterized by the *H and 13 C-NMR 
spectral data according to Table 1 . 
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5. Epothilone D of the formula: 

[insert] 

Epothilone D, R = CH 3 

6. Biotransformant of epothilone A, obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone A, 

(b) incubating the culture mixed with epothilone A and then combining it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting it with methanol and concentrating 
the eluate to yield a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to an oil, 

(e) chromatographing the oil on an reverse phase under the following conditions: 

column material: Nucleosil 100 C-18 7|um 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60:40 

flow rate: 10 mL/min 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R { value of 20 min and isolating the biotransformant. 

7. Biotransformant of epothilone A according to Claim 6, obtainable by separating a culture 
three or four or more days old in step (a). 

8. Biotransformant of epothilone A according to Claim 6 or 7, obtainable by incubating the 
culture for one or two or more days in step (b). 

9. Compound having the empirical formula C26H39NO7S, characterized by the following 
'H-NMR spectrum (300 MHz, CDCI3): 5 - 2.38 (2-H a ), 2.51 (2-H b ), 4.17 (3-H), 3.19 (6-H), 
3.74 (7-H), 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 11-H 2 ), 2.89 (12-H), 3.00 (13-H), 1.88 (14-H a ), 



WO 98/22461 



-20- 



PCT/EP97/06442 



2.07 (14-H b ), 5.40 (15-H), 6.57 (17-H), 7.08 ( 19-H), 4.85 (21-H 2 ), 1.05 (22-H 3 ), 132 (23-H 3 ), 

I. 17 (24-H 3 ), 0.97 (25-H 3 ), 2.04 (27-H 3 ). 

10. Compound (epothilone E) having the formula: 

[insert] 

Epothilone E, R = H. 

II. Biotransformant of epothilone B, obtainable by: 

(a) culturing Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in an 
essentially known manner, separating it from the adsorber resin and optionally mixing all 
or part of the separated culture with a methanolic solution of epothilone B, 

(b) incubating the culture mixed with epothilone B and then mixing it with adsorber resin, 

(c) separating the adsorber resin from the culture, eluting it with methanol and concentrating 
the eluate to yield a crude extract, 

(d) distributing the crude extract between ethyl acetate and water, separating the ethyl acetate 
phase and concentrating it to an oil, 

(e) chromatographing the oil on a reverse phase under the following conditions: 

column material: Nucleosil 100 C-18 7 jam 

column dimensions: 250 x 16 mm 

eluent: methanol/water = 60:40 

flow rate: 10 mLVmin 

and separating the fractions containing biotransformant that can be detected by UV extinction 
at 254 nm with an R t value of 24.5 min and isolating the biotransformant. 

12. Biotransformant according to Claim 1 1, obtainable by separating a culture that is three 
or four or more days old in step (a). 



13. Biotransformant according to Claim 1 1 or 12, obtainable by incubating the culture for one 
or two or more days in step (b). 



WO 98/2246 1 PCT/EP97/06442 

-21 - 

14. Compound of the empirical formula C27H41NO7S, characterized by the following ! H-NMR 
spectrum (300 MHz, CDC1 3 ): 5 = 2.37 (2-H a ), 2.52 (2-H b ), 4.20 (3-H), 3.27 (6-H), 3.74 (7-H), 
1.30- 1.70(8-H,9-H 2 , 10-H 2 , 1 1-H 2 ), 2.78 (13-H) 7 1.91 ( 14-H), 2.06 (14-H b ), 5.42 (15-H), 
6.58 (17-H), 7.10 (19-H), 4.89 (21-H 2 ), 1.05 (22-H 3 ), 1.26(23-H 3 ), 1.14 (24-H 3 ), 0.98 (25-H 3 ), 
1.35 (26-H 3 ), 2.06 (27-H 3 ). 

15. Compound (epothilone F) of the formula: 

[insert] 

Epothilone F, R = CH 3 . 

16. Phytosanitary agent for use in agriculture and forestry and/or gardening, consisting of one 
or more of the compounds according to one or more of the preceding claims or one or more 
of these compounds in addition to one or more conventional vehicle(s) and/or diluent(s). 

17. Therapeutic agent, in particular for use as a cytostatic agent, consisting of one or more of the 
compounds according to one or more of the preceding claims or one or more of the compounds 
according to one or more of the preceding claims plus one or more conventional vehicle(s) and/or 
diluent(s). 
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Fig. 1 - 5 

Norm. = Standardized 
Epothilon = Epothilone 

Ersatzblatt (Regel 26) = Replacement page (Rule 26) 
Fig. 4 + 5 

Gesamtepothilon = Total epothilone 



